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(57) Abstract 

Virus virions defective in F gene are successfully collected by using a Sendai virus genomic cDNA with deletion of F gene. Further, 
infectious viral particles defective in F gene are successfiiily constructed by using F-expression cells as helper cells. Also, virus virions 
defective in F gene and HN gene are successfully collected by using a virus genomic cDNA with deletion of both of F gene and HN gene. 
Further, infectious viral particles defective in F gene and HN gene are successfully produced by using F- and HN-expression cells as helper 
cells. A virus being defective in F gene and HN gene and having F protem is constructed by using F-expression cells as helper cells. 
Further, a VSV-G pseudo type virus is successfully constructed by using VSV-G-expresslon cells. Techniques for constructing these 
defective viruses contribute to the development of vectors of Paramyxoviridae usable in gene therapy. 
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-1 . .. 

■fS (Lamb,R.A. & Kolakofsky,D., Paramyxoviridae: the viruses and their 
replication, jjj Fields Virology, 3rd edn, (Edited by B.N. Fields, D.M. Knipe 
& P.P Howley) pp.ll77-1204(Philadelphia, Lippincott-Raven. (1996))o ^fi 

m^4)i7. {ili I ^ite^# f^mmti ^ ^ ts ^ ^ - t 

T0^l'>4^x>i>-\' Ux'f A^^i^^tl^ (Roberts, A. & Rose, J.,K., Virology 
247,1-6 (1998); Rose, J., Proc. Natl. Acad. Sci. USA 94, 14998-15000 (1996); 
Palese, P. et. al., Proc. Natl. Acad. Sci. USA 93, 11354-11358 (1996))o 
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ribonucleoprotein complex; RNP) (DBX^^L. :^miM^4 Jl^T.lzM.'^ti 

mk(Dmm^tc\trt;^jix^yi.(Dmm^noo!i^mt^^ztiz-^^i-7.mmk 

(nsRNA) 't7-<;i/Xlili±$Illj!g0maT-©tf^*iJimL> DNA7x-X^^;t'5:l^;^:: 
«)S^fii*:^©Ma^5li«»* (integration)lijec: ^>«iV^o M{3(iRNAPI±c7)ffil^IMJ^m 

>^%m^^it^ii7'^ ymMk^^ )l7,(D^X^±>'Sr^ ■!7-r;ux (Sendai 
virus; SeV) {CSgLT^feo SeVJil^^giSMv-i' MkO-()lXX\ ^ 
^'y "i^-Y^PX (paramyxovirus) (ZJSL/> murine parainfluenza virus®— 
S o © >i7 {i - o CD j: > ^ D - > ^ MT- S — 
•7^— ^— tf (hemagglutinin-neuraminidase; HN) >^ >y^^g ( 

fusion protein; F) ^:ftLxm^mmmizmms mm-^^mzL. m^miz^^ 

©RNA4f U^^-- l?i:U;}?7^^l/;rX07^^'> (RNP) m^i^cDmxW^t ^Mk 

(Bitzer, M. et al., J. Virol. 71(7): 5481-5486, 1997)o -i^-f ;^;^x>-^D- 
rgSMFIi^S^4©M^^I^^MS6 (Fo) tLX^m^ti. h y XS/>t3J:S<5^> 
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/I^S^g? (proteolytic cleavage) 1: Yl t YZlzm^^tl (Kido, H. etal., 
Biopolymers (Peptide Science) 51(l):79-86, 1999). f^^mm&Mttn^mm 

tz. "y^^mm^ (Z strain) ^^Sl^nttJ t) . i^^iT'fei.{f L 
if*$fc(il®^■elO'~"pfu/mli:v^^iSv^^M^'^' ^-^^to 
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^^-(i> Wi^^^i^tz^ y VCDWmmi^. primitive^cv'i7;^CDjfli?S#iMlia, b 
t;to ^e>^::^ in vivotii^ <^ l^®Bi^{zJS4 LTH^3i*sf#^nfco CCFitfe 

mizmxti>ztiz^-oxMmj^m^!^9iLrzSe\^i7^-:^imt^^tizi) 

L I ^ X > ^ o - 7* jt e ^ ^ a M ^ ^ ^ - :^ 5^ A I)!] to T Si AL t § ^ © T- i) o F 

o 

f>iirs *f AP««e?*ftss^i3^^T$^{3^3i-r5«*s^^nTi^5 (yu, 

D. et al. Genes cells 2, 457-466 (1997))o :i(D^ ^ ±7.mB.M^ 4 JlT^urV 
□ >?&'<-;^t3 Lfc^^^-{^> mzmtiJLXl^^^-r^i^y'^ (positive- 
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strand) RNA'i?^' ;i/;^T-$)5-b A U =^SI**'^^ (Semi iki forest virus) l^tz 
iti/y Jl^ (Sindbis viruses) (D\^rVZ2y^^-MZLtz^-()\^:^ 

J^?>mxmB^(0'>)-^ X1^tz\t^^y^--i^>'ir<Dmtk^ (flexibility) taif^m 
< i: 4 kbp S r* ^ A Rlt^T- ^ . ^^M^ ^ ^ - T' ti ^ {C ^ Al^- ^ X*^;^ # < 

vitroiiii{i<j:t)-etiAS|E^^n-cv^5o ^^\z.. -b>^^''i7>r;i/ 

kitl?lt4®primiti vemi- ^mx^ix^^h ^MU \^X\^^^ZhiS'h, d©^^ 

> ioiiV^ (b) ^ (-) ^-*^RNAi:ig^tS^>>'"?^M^ *^e>^^SS^i*:^^ 

(2) (-) ^-:$:^ENAASNP^>;i^K. P^>/'?^K. 43ctt>-L^ >/"?^M^^ 
-5> (1) (3gB«®-<^^-. 

(3) (-) l|-*|gRNA*»^^3St'&l^ctdtM^nfci>^0-r^>>''?^ 

H©ij>3&< i:*)-^^^tfs (1) (2) {ziEi6®-i^<5'- 
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(4) vsv-G^y^^^n^-^ts. (1) (3) (Di-^tMiztmo^^^ 

(5) (-) m-^mMkifi-{2>y^ 'y^)lMZ^mt^. d) A^?, (4) 

(6) (-) M-*mA*s^?,^z^*^ifi^<£3-h•bTv^§. d) (5) 

(7) (1) iP6 (6) ®V^^tL/!p{;lB«®^^^-^;^^i^S (-)ti-2ftiIRNA 

(8) (1) (6) m^tM\zum,(D^^^-'<DmM:^^r'ib^x. 

^ ©fflM^ * - K -r s ^ ^ ^ -dna;&. :ii > ^ D - > / •? ^ a * ^3s-r s «a 

(9) (1) (6) (D\.^-rMiz%m(D^^^-(Dm^:^mx'^^x. 

3ibJ5:l>cfcoH&^^nfc>''?^^^V'i7^;i/;^{Zfi3l5ti) (-)^-*^IlNA. 43 
ctU^^ (-) iI-:*:|IRNAi:ig-&-rS^>>'"'^M> x>^n- 

(b) ^iila^&«ilt^ -^0Jg«±^*»^'i7>f ;l/;^)K^F^:lllJR■r5xa^ 

(10) (b) ^ci3^:tSIBIi}S®^ll*^^ x>^n-r^ >/i^M$r^3i1-§ 
«BliSi:®ft®«T-$)5> (8) tfett (9) iztmo:^^. 

(1 1) xg (b) {i*5{:J--5«®^«l-*5V^T. x>^n-r^> 

^^^m^Mt^mj^^mmLx^m^ffos (s) (9) (;i3s^©:5^s 
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loi:|i]-T-$)i>s (8) (1 1) ®^^■rtl*^{3i3«6®:&?^^ 
^MT-feSx (8) 7!j»e> (12) oi^i'tii^iztmo:^^. tzM-rSo 

l/Xt^P-i^-f ;i/^Ji N P/C/V M F HN - L 
)l7.m N P/V M F HN (SH) L 

^-t n p/c/v m f h - l 
^?!l^{i>'^-7 ^ ^ Vj?^ (Paramyxoviridae) 0 U 7. \:^u 0 ^ ( 

Respirovirus) tz^|^^ns-b>^^' •i7^;i/;^®=&^fi^6DiBSE^"J®7'~^5'^ 
-XC^-r^-^yi^ay^^it. NPite^tlov^Ttt M29343. M30202, M30203, 
M30204, M51331. M55565, M69046, X17218. PJle^^^IO^^T{i M30202, M30203, 
M30204, M55565, M69046, X00583, X17007, X17008x Mitfe^Hov^TIi D11446, 
K02742, M30202, M30203, M30204, M69046, U31956, X00584, X53056x f^Bl-iZ 
ot^tJi D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69046, 
X00152, X0213K HN^fi? {roi>T{i D26475, M12397, M30202, M30203, M30204. 
M69046, X00586, X02808, X5613K L5ie?l30t>Ttt D00053, M30202, M30203, 
M30204, M69040, X00587, X58886S#B1®C ilo 
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5o )i:^^^^-lt. 'Ptaih^—ocD^y^u-r^yn^n-^^MX^ 

('JjJt^^l/rtT'Dx^r >; RNP) *^^T♦V^5o RNPH 
^^n§RNA{i>'i7^^V'i7^;i.;^©>!7'yAT-fe5 (-) ^ (^^^'t^-T ^H) ®- 
*^RNAffeD. ^>^^^®(iC©RNA(:J^^LTit^^*:^£ffMUTl^^o *^B^ 

ds^f 2> (-) ^-«RNA. ^^jf {h) m {-) m-i^mmktm^t^^ 

b.m^t^^y^^ipnt\t. m (-) ^-*^RNAi:ifig?*5«}:yf/^fe(iF^i^{ii^ 
m (-) ^-«RNA^it^i*:^&jfM-r§^>>'^^»©c:^^mao -^{c 

^ /i7^^y'i7^;i/X0 (-) m-*ISRNA (yy^RNA) ti±. NP^>/i^H^ P 
^>>'1^^M^ i^J:nfL^J'>y'?^MA*i^^Lr^^5o C®RNP{Z^SnSRNAAs.i;>f ;u 
7.^ y M.commiS^V^motzlsbCDmMttji^ (Lamb, R.A., andD. Kolakofsky, 
1996, Paraayxoviridae : The viruses and their replication, pp. 1177-1204. In 
Fields Virology, 3rd edn. Fields, B. N., D. M. Knipe, and P. M. Howley et 
al, (ed.). Raven Press, New York, N. Y.)o *^^O^S^<*l3l±s >'1^^^V 
)]^x{z^^t^ {-) m-MmM^^■u^^iliz^^'^t ^^^^ ^ ^ 'J ^ )v:^ 

J^'yK^Vf?^)V7.C0 (-) m-^mmzzti^O^yj^^W (NP> p. 43J:UfL 

m.^mt. mup^'(^^^m{zm?wi^ii^^m.m.t^mti^Mti>o zo^o\z, m 
mzmx^nfz-^^^-\mmp^-^mv-^mim-^'^^zt\z^^.'igB^ m^w^ 
(3^$n€.RNA) (Du^^-m^m'^to ctl(3ct^)^ ^^^jte^s^to^^^-*^ 
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mmi^-r^m-^i^ (rnp) iz^^ti^m^m.mt^mt}^^t^=b(DX'^^o 

. ^JxJis ^0'j7'f;i/X. ■9-;wi7^ >7;i/x>+f'j7^;ux (SV5)^ bh/^^-r 

■fe>^^'i7^;i':^ (Sendai virus; SeV) (Dm^^. ^m<O^-()\^-X0>f J 
:t:J|r^re^ K), P M (V h U F (7:i-i;3>). HN (^V^ 

o(3a^-rsc^*5-e#^c $fSL<(iFsie^^fe(iHNiie^. $)i>vN(iFiife 

(Dmmt. «?iJx.imc-MK2m;&i:'T'fTt)-&Sc:i:A5T'#i)o NP. Ps i'J:t>'L^> 
7 ^ ^ a©tti^{i> ^Jte^^ ^ □ - K 1- S IB3i^ ^ ^ - ^ «B1IS(3 « A1- 5 i: J; 

V^T^)J;V^o M?^mm^-^^tzl5biZ^M^-^^ NP. P> 

^-©yyAtzu-K^ns NP. p. *5J:ti^L3ie^i:^^(;PI-t?fe5'i:>^{i«c 
A^u - K t ;^ K© T ^ y ^iSf ij ^ © t ^ T* < ^: t s y ARNA i^^ b 
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□ - ^ > ^ ^ M {3 5 ^ ^ ^ « ^ ^ ^ >> I' ^ ^ ^ - ^ ^ S t ^ ^ T- 
^-&-5Ci:^qrtg-efei)o C®J;9^J:x>^D-r^>y1^K{z1^(c$lMli75c^^ 
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7. (VSV) ©G^>/^^M (VSV-G) ^mi^^Lht^tt^^o 5 ^ 

-5 o «»j X. ( - ) WAS tzit^commm^ 13 - k -r ^oNA^iTr n ^ 
©x>^^-rile^©^>^^•^s^<fe^3g•r'5«BlS^-lls^$^^■r^ «^Jx.(ix f,hn 

itfi^^a-b -dUizn [yXit. >/i ^ 5^ ^fef63S■r 
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■So 

^ )ix^^(Dmn^(Dttxi3^< t'b. mm<Dmxizm^^{S^ifi^f^m(D^ti 

tm^ip^ni:i±tj:^ii. ^m^mxbtz^. $>^\.^itm<D^-( )v:^(DmmmB^ 

mm^yu ^-^^ -myMTiz ^ -(onm^miz(D^%m.^ -b- ^ 
mmiznmmxvx^mt^ztiz^t)^ :^mm(D-<^^-^mmt^!itifix 

^>J^'^m^^MVt<i:\'^Jio{Zik^^ntz^^^ ^^VtP-f Ji^T^iz^Mt^ (-) 
^it. 3Ly^u-r^>;^^m.-k^Mt^mmzmxt^x.n. *5«tUf (b) u. 

a^?© h7>;^7x^'$/3>ISM*^f)JfflT-§^o «?y^(is DOTMA (Boehringer)^ 
Superfect (QIAGEN #301305). DOTAP. DOPE. DOSPER (Boehringer #1811169) Jfe 
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%T-^5 (Calos, M.P., 1983, Proc. Natl. Acad. Sci. USA 80: 3015)o 

^^-^^ iotzmmt^ztt^X'^^o :i(D^otj:i5mtvxit. m^\tmMm 

mf^\t. i^^(Dmmzmm\.o^i^oti.. mmmi-. h\ ^^wm^ 
Y i&imm\n^mzmt^^:^^^y^^^%tii}^'^m\>^hziLt^nmx^^>o ^ti 
motf^ )^^7.^^^-\ts m7i\ts ^MU'&^^y-^'^^tzmz, ^tzit. rna 

^^tlfc ®T o T <fc V>o 
:^^m(Dry^ )]^7.^^^~l±. (-) m-^mMWz9\^^M^^^^-Yt^ 

m\^^^ztifi-Pimxib^o m^it. AB^^mtjiif^Bti^tt?>m'^izit. 

)]^7.^'!7 ^-dMiznM.ttji^0.Bof^mmmB^^mxt ^o^-( )\^^^^ ^ 

43i^T<ix m.w-^mmmn}imm-mm{^mntowj^}f:\z. 6©m©is*is* 

^t^W.n^WXt^Ztii^m^\^^^ (Journal of Virology, Vol.67, No.8, 
1993, p. 4822-4830) o ;51^*sie^(i> tz-T (NP. P. HN. *5 

B.^(D^M-^m\1^tii\'^^o\Zt ^fz^. ^3l53ie^®BU^fcJi^5{37il[ E-I-S 
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(-) ^m®3'iSicjev^(5ii' (s^S'i7^;i/:;^0'yy A±©Ji^5^ies{c:^3l^T 

(:^-iSy'>cymiz^\^xitim^'^'(D5'mm^m). sfc{±L5ie^©±i^ 
iiT" ^ ■:^mizi^i^x\timB^(D3' mm^m iz^^m^i'^mxt^o ^^mb 
^^nmizwxx'^ ^^^izt^tcisbiz. mx^mz^u--y'^v>( h^mm 

^5^5iife^$:*^^«iglx.•fe>^5^^'i'^';^;^^^^-(i^ «»Jx.«s Kato, a. et 
al., 1997, EMBO J. 16: 578-587:Rmu, D. etal., 1997, Genes Cells 2: 457-466 

^■f. mM©^5l53ti5^®cDNAMSiE^'J^^tfDNAtJ*4^fflSt5o DNA^Mfi 
. 25ngMlW±®Jig-r*mm*tt6«J{C^-©7-7;^^ Ki:fii^-e§SCi:*si?S 
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(EK ^M^d (I) Rnmmmt^mm (s) (e i sgs^y) ®3t->&f>j-i!jnt- 

Sfctof;. NotI$iJM^™M@B^'JS«¥iSil^SB^iJ (E). ^ffilB^y (I) s 

;i- 9 - h* m-^^wmmRxr u / ^•- x ffl!i-&«AgE3?ij (7'>^-fe>::^^)^ftfi£-rs 

o 

HffijiO 2 Ji;±©7 ^ l^;*-^ K t < liGCG. GCC®NotmiSM*3|5®BB3^J 
gcggccgcSftlin ^ t -^©3' ffllKc;^^— ^ LtffiS® 9 fcli 

® ^a(iG ^ lie i: S J: ^ {3 i^mM ® cDNA e> i^25^» SIR t -C 7 :t 9 - K 

»JM-;^ill^fi£DNAB2>?iJ{±5'(l!jA^^M0 2Jiil±©7^l/:t^K (jtf t L < li 
GCG. GCC©NotiraMfi3^®iE^!J*^^^:M^'fe<'^4^a. Mt3$f ^ b < JiACTT) 
^m^U •eo3'iilCNotI^.Mtegcggccgc&{tiPbs ^e>{c^©3'ffi!){cS^& 
lig®itSfctf)©*¥A»r>T-©:t';3fDNA^f>|-Ap-rSo c:©:tUiiDNA®:g$li. NotI 
EMfitgcggccgc^^i^^ cDNA©*gi!immSE^'J^^iiEt-S-t>^*^ 
ft*tS-fe>^'r )17.^>^ A(DE I S^»iE?iJ®^ltA5 6©^iS{l^c5J:o 
HJeSIS^IStf-rS r6®;p-;i/ (rule of six)j ; Kolakofski, D. et 

al., J. Virol. 72:891-899, 1998)o ^izmxm^(D3' miz-^>'5^^ 

(DsmncDmi^mmL itf^b<{i5'-cTTTCAcccT-3\ im^ $fSL<{i5'- 
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AAG-3' ^ E mmomm^mm. * t < m' -tttttcttactacgg-3' > $ ^> ^ ©3' 

UrrDNA©3'(D*SSilf 5o 

hA^r-^So ^^b<(iVent4t';^7— tf (NEB) ^ffll^Tfrl^x ti*Stfcg6^»f 
n-liNotltmUfe^s 7*7 K^^^-pBluescriptcDNotlgPtelcifA-rSo 
^# n fePCRMtl©^»E^'J ^iz-^i'^'^^-b— •^iii^t^^EL.^^E^JO:?•^X^K 
•7=77. X ^•^^^-pBluesc^ipt^:;^$■r^;NotIg|5(^^3fig?^f Ab^imgl;i^r>^ 
^ "^7 ^' ;^;^cDNA5&^t 5 c RltgT-S) S o 

^ ^ /7 _ § ^ 5 - ^-e ^ 5 o -'w;^ ^ ^ — DNA*» ® ;i/ ;^ ©S« 

■5c:i:i«T-#5 Ol^fiM97/16539-t; SI^52fP|97/16538^; Durbin. A.P. et 
al., 1997, Virology 235: 323-332; Whelan, S.P. etal., 1995, Proc. Natl. Acad. 
Sci. USA 92: 8388-8392; Schnell. M.J. et al., 1994, EMBO J. 13: 4195-4203; 
Radecke, F. et al., 1995, EMBO J. 14: 5773-5784; Lawson, N.D. et al., Proc. 
Natl. Acad. Sci. USA 92: 4477-4481; Garcin, D. et al., 1995, EMBO J. 14: 
6087-6094; Kato, A. et al., 1996, Genes Cells 1: 569-579; Baron, M.D. and 
Barrett, T., 1997, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R.M., 
1996, Proc. Natl. Acad. Sci. USA 93: 15400-15404)o ^ ^ }\^7^^ ^ -mk\Z 
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(Di:bT(i> m^(DYvy7.7 j^^i^ByUMmm-^^^o m^^lt. DOTMA 
(Boehringer). Superf ect (QIAGEN #301305)> DOTAP. DOPE. DOSPER (Boehringer 
#1811169) ^jiifAs^lf e.n-5o ®i:t-C{i^J^«'>l>^*;i/^"i7A^fflv^fch7 

>;;^ 7 X ^ 3 >^*s^{f ^n. cfc otifflflartt AofeDNA^i«:^/J^flS 

HmtJjiSnSA^ ;|^F«g{C*)+^;&:M©DNA>!)^Ai)C:i:A^^?)nTV^-5 (Graham, 
F.L. and Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, 
S., 1977, Cell 11: 223)o Chen:fe«};t50kayama(i h ^ 7 r— ft^BOgji'fb* 
*^iirL. 1) m$:tt?t^t)©^'>^^^-^3>l^<^^ 2-4% CO2. 35U 15 
~24l^r^. 2) mk\tmWsk^^m.^O^Oi^m^i:^n<. S) itjSM^ffCDNA^g 
S** 20~30/zg/iBl®ii tM^^*^**M?>.iT'5i:^« tT^^-S (Chen, C. and 
Okayama, H., 1987, Mol. Cell. Biol. 7: 2745)o (^(Dl^mt. -ji9tl^ch^> 
;;^7x^i^^>{CJibTV^5o * < l±DEAE-x*:^ h 7 > (Sigma #0-9885 M.W. 5 
xlO=*) ^?«;&mM©DNAaSjfeillS!U h7>;^7x^$/3>«:ffa^?*AS«| 

ii«>5fc«?)tC^nD^>$:in;l2)Ci:*>t*^5 (Calos, M.P., 1983, Proc. Natl. 
Acad. Sci. USA 80: 3015)o m(Ol5m\t%nMll^m\tfl^l3^'(:. MUM^ 
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>Kl!l**^iL/t^^•2)o ^tfiiCtt Superfect TransfectionRagent (QIAGEN, CatNo. 
301305)^ ^fcli DOSPER Liposomal Transfection Reagent (Boehringer Mannheim, 
Cat No. 1811169) i^m^^^ti^o 

fl&£jfil«(FCS)4i5cfct;^JfL^tlK (100 units/ml -^-i^ U >G^Dctt>'100Afg/ml X h 
UT" h v>f ^^tfg{i^'i:>^^flfe (MEM)^ffll^T-9-;i/SMS3femmLC-MK2 
;&70~80%ii>7;i/ai> hdJBiij^T-tg^bs ^^(i l^g/ml psoralen (V7 \y 
y) #:£T UVMIJmS&20^M-r"^rS'fb L/cx T7^ U ^ ^—^i^^Mt^mm 
7iV i7i/=.7^H (Fuerst, T.R. etal., Proc. Natl. Acad. Sci, USA 

83: 8122-8126,1986. Kato, A. et al.. Genes Cells 1: 569-579, 1996) ^2 PFU/ 
mmxWk^ ^ o V ^ 1/ > ® MS:J3«t t;^UVMIt^P^*S3iMSt 5 d i: 
§So ^^IBtP^m. 2~60//g. J:f)»^ L<li3~5//g0±i30im;t-b>^^ 

•t^'f ;i';^cDNA^> ±^-^yy-( t?^ )\y7.f>' h.o^m^z&^wj^V'yyT.izi'^mt 

^f?-^ )\^7.^y^^i7%^%mt^y'y7.^Y (24-0.5;Ug©pGEM-N> 12-0.25>t/g 
©pGEM-P> i5J:tJ^24-0.5/zgOpGEM-U J: »? $f ^ t < {il/zg©pGEM-N. O.S/zg® 
pGEM-P. 43«ttFl/zg®pGEM-L) (Kato, A. et al., Genes Cells 1: 569-579,1996 
) J: it {3 Superfect (QIAGENtt) V 7J^7 x^^ ^-3 >^^{I J; t) Y^y7.y 

x^S/3>1-So Y^y7.y ^^iysy-^'H-^tzmmts ^S(Iil3lOO//g/ml 
©';7 7'>tfi^> (Sigma) h S/VT^ l^y h' (AraC)> J;D$fSb<{± 

40/zg/ml®$/ h $/>T^ try K (AraC) (Sigma) ©««^!&^tflfllvil^^©MEMT-Jg 

m.iz.\zti>^^\zmm<Dm.m.m^^WL^t^iJlAto, a. etal., 1996, Genes Cells 
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1: 569-579)o h 7 >;:^>' x ^ ^/a >A^^,48~72^r^ggtg«^. m^HURbs 
SLLC-MK2«{Z h 7 7 X ^ 3 > LT^«-r i)otg» 3 - 7 B^twtg#^g& 

^m^t S d (3 J; 0 5 C ASf § -S o HAtt rendo-point fh^mj (Kato, 
A. et al., 1996, Genes Cells 1: 569-579) iZXf)m^t^ZtifiX^^o m^o 

^s^jfiTk (PBS) tatxm-M.^isiy.xm.^mtt^^itt'^x^^o ^%^om^ 

7L'^>'^^ t> ^ )V7.-<^ ^ -^mmxmm^^tzm^m\z-ii\^x\mwiWL^^ts 
c:i:*,T'#So ^m^(Dm.^7L^yy-it?^ )V7.-<^^-^^mwi.'>^\z\t. m,-( 

^^-tmz±m(Dmi.ii^^m^titz^^ jiT.^p^-^ftwmmizmm^'^. 
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m^j , w^tt, :km, pp.i53-i72)o mtit. ^mm^^mmzx 

pp.68-73,(1995))o 

^^i^-^s :i.y^u-r^y}^^n^mnt^^^H^t>'^x^mtti\ts 
x^mthzhifix^ho z<oiir)\zhx&m^tifzm,^^^ )^7.\t. v^^y 

tii^(Do^j\^MmM^x^mti^mm(Dmnifimmx&^ztti'<o. ^mt 



wo 00/70070 



PCT/JPOO/03195 



-21 - 

(exvivo) il^^\z^^MB.'^^M(0\^tn(Dl5mz^-^X%s f^^^^^^^^t- 
-2.^KHSPX> T>5^-fe>XSfeliU^if^ A^cCir®^>^^'^»^&='- 

mhi.x\t. mmmm.. i^tzmmmjii^om^^n^mm (apo {z^^b^cd-^^ 

fi^^ttti. «mM Muc-l Muc-l^Af->^>7'AUl^-h^r^l« ( 

^a^i^sf^ 5,744, 144-t)x gpmimt<ti^ifimi-f^ti^o ZCDXoU 

Zt^^^Xh^o ZCD^otjiMB'^tl.Xit.mXl^ i)IL-2i:-3$^^IL-12 t 
(Dm^^i^"^ (Proc. Natl. Acad. Sci. USA 96 (15): 8591-8596, 1999). ii) 
IL-2i:>r>^-7xD>-r ii^m^^m 5,798,100^)> iii) #3te■^ffll^e>^^S 
^!|§i^iiD--$iMa^(GM-CSF). iv) mmm^^mM^tLtz CM-CSFh IL-4 
(Dm^^t^'^t (J. Neurosurgery 90 (6), 1115-1124 (1999)) f^^ifimfioti^ 

o 

>^D-r. a*i3liJ(3:feV>T(i.^Jx.liJ^>'^D-^^^^ (Vaccine, vol. 17, 
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No. 15-16, 1869-1882 (1999)). x^' X{Z*5V>r{i> m^miV g&g$.tzit SIVgag 
m^m (J. Immunology (2000) vol. 164, 4968-4978). HIVx>^D-7*^ >>'l 

# (Kaneko, H. et al., Virology 267: 8-16 (2000)). u l/7{Z*l>T{i. 
(in b ^S^CDBif/^x h (CTB) (Arakawa T, et al. , Nature Biotechnology 
(1998) 16(10): 934-8. Arakawa T, etal., Nature Biotechnology (1998) 16(3): 
292-7). £E:^^^3:feV^TIi. mXl'mim'^ ^ )\^^<Dm^ y^^^ (LodmellDLet 
al., 1998, Nature Medicine 4(8): 949-52). ^^MlIiJV-^TIi. t h^'^tn- 
■^r^^ )\^7smotiyiyY^>^'^^li (J. Med. Virol, 60, 200-204 (2000)) ta 

m^CiiZ. >i^i 'J >if>T-®^:7*f- H(D^31i^fTfc>nTV^S (Coon, e. et 
al., J. Clin. Invest., 1999, 104(2 ):189-94)o 

h P*f ® iiS^ ^ ^-r !i^KT- -5 o-fb^lg^^t^ J: t) ^SeV-Fiail^ i: n S 

m 2 ti.Cre-loxPmtZ i D b fzm M^^flSa®-^® x -f ;^ ri/ ^ 

*«l«fbf::i^m^&^t-|a-Cfe5oJJiSeV-Fiaf*:*ffll^TLLC-MK2/F707D-'y-'r h 

^ 4 li. 5HN0^3S^#M®M*®'^®"!Sif^l^"^*'iS 1^ 
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1. LLC-MK2:fcJ;t>*CV-lii-en^n®iilJ3Stt®^®»^^-b-h$:Jito 

2. LLC-MK2/F+ad^<tZ>XV-l/F+ad{iT7='y 'i7^;i/:^AxCANCre^i!lPjtfe-?n-?no 

3. LLC-MK2/F-ad43J:UfCV-l/F-ad{iT7^y "iz-f ^PXAxCANCre^iO^T 

4. LLC-MK2/F+ad SrdliTf'y -i? ;i/XAxCANCrer-^^%31 LfcmS: ^ {3 3 

L ^c«® ^ ^ -t - h J§ t-c 

5. ldi3J;yf3d{i^n^n^»^31^ 1 S:fe«tt>'3 a$:Jiro 

6. Vacld43J:t>'Vac3d{i-en^n'7^''>-T't7^;i/;^^|fe^l B*JJ:t5 3 B<Dm 

m^mto 

7. AraCld43J;U^AraC3d(i^n^tlAraC$:mbT 1 B:fe«fcl^'3 B®g|fla^Jit 

o 

8. cHx ldi3J:l^'CHx zdit^ti^rim&^mmmv-4i7u^^i^i Y^muaL 

X 1 B43<tt;^3 Bcm^fito 

ia6tt> GFP^AF^^SeV cDNA(pSeV18* /AF-GFP)$rFl^^mLC-MK2«lz h 
^>:^7x^i^3>LTGFP©^]S (RNP©1^ai) tfci^^&^l-^mT-fe 
^onm^t bTF3ie^^NPiie^©3' *«{Ii>-\'7;i/tx F:k^M{3GFP^# 
AtfcSeV cDNA(FS^+7;i/SSeV)$:ffiVAfeo ""allj liSeV cDNA®ftfe{l. NP,P,L5i 
^T^^Mt^yy :^ 5 K (pGEM/NP, pGEM/P, SWEM/L) 'b IrH^I- h 7 7 
x^i/3>Lfc*)®^at3-ro ""cDNAj (icDNA (pSeVlB'/AF-GFP) 0^©h7> 
;^7x^?i/3>^Sfo1-o RNPh7>;^7x^i>3>liGFP$:^31LT^^'5P0ilJjS 
*IilJRL^ OptiMEM (GIBCO BRL){3Sg«lb (10^ i9HIIS/ml)^ mf^mMSmK 
tfe^-r-b- h 100^1 S^^^^tSU^ V-ADOSPER(^-'; V**-^^ >JU 
A) 25/zli:?I^Lx gm{3l5^TOSbTA^e»> F^JSslMfla (+ad) (w»b 
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^z-^^mt^mmx.T^j^^ )\^7.mmiM (-ad)wsfflv^fco po© 

^tzi^m^7i<f^n'(ltb^om/o\tm?^mm (overlay) Ufelfflfla^JiU MP/t 
{iRNP?&transf ection t fe«5&Jt-r o 

0 91*. F^31iiijS{l3lAtfei^^{3#M6^{lF:X^'i7>i';i.;^;!)^tg#±?»{zSjai 

ismmm-ik^ts^ -t- h ^irnsi^^j 2 (;ib«®f^3ito{3 uj}^7a:e7>>3>u 

X tg«±?i^Ia]iRtfeo <l(Z)ig«±?i^F^3im®^Jte{3Snx«^-a-. 3 Si 

o 

l63iSeilSO^il±«*®'i7'f >'l/;^^l5liRts total RNA^fSitSbt. YtM^yu 

-yizLx^—^yyuy hmm^n^tzm^^^^tw^Mx$>^o f^mbi** 
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^ ;^ y y A ± {3 #^SE t U C h AS ^ i: ^ o 

:&^x1-RT-PCR®^^^^f ^¥KT"$)So 1 :+18-NP. +18 Not If^ h®#S®fii 
2 : M-GFP. GYVM^^ifimBl'iKm^mzW^t^Ztommo 3 : Fiie^ 
. F]te^©#«®ii^o i^^SSeVi:F^tgGFP^31SeV©>iF'y A«3i$:±{::^Lfc 
o G¥?^MlR^i^¥^m^mzW^L. NP®3'*^{;+18fi3fe0NotI-9-'f hAsfe^3^ F 

mi 2{i. 'i7>r;i/;^®Fi:HN{ii^^fl<j{zSf&-rs^=jni' Kj^-^ 
IgG( ant iF , ant iHN ) ffl V ^ ^^S^ {3 J: D ii--^ fclig^ ^ ^ t-¥XT" S o ^ v'l' 
;^®ji>-^D-7'0;^yW i:7;g|«ii(iFi:HN®MfiKipe>'5:Sc:i:ASHJ^A^i:'&i 

0 1 3 (i. GFP® ste^ Jiii^® ffe0jie? ®«ji(iis^^ t n^X'^ ^zttw 

E b fcRT-PCR® ig^ ^ -r 0 T- -5 o 

mi 5it. F^^MSeV'^^^-{3cfci)in vitro-e®^^*i:m^®l^^Mfe 
01 6{i. x">;^m#il» (BMc-kit+/-) ^®F^^SSeV^^^-®#A 

liPERgtt/GFPBUf^Jito 

01 7li^ hrig^^®^^;?^-® in vivo tS-^®^^$:^-r^Xt:fe 5o 

0 1 8 {ix F mMmmi^ e ihir u t f ^^msev-i? ^^ts^m±m ^ f 

®'j7^;i/;^®#?E^HA assayT"fitEbfei^^$:^t¥XT'$)i)o 
01 9li. 01 8B{Zi5VNT^WI8SPT*HAIH4T-feo:tiK^M(lane lli5.tUf 
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lane 12) $^WiSIP{I^^^«L■r^gil2B^®lt;^^S®HA &ss&y^n -otzmm^ 

EI 2 l{i,F^M'i7>f ;i/;^i|si[^®$ail!g'v© b^>;^7x^7i^3 >©^^^^-r;? 

t^MX' S 6 LLC/VacT7/p6EM/FHNI±LLC-MK2iBliS iZU^i^- Tm^^. pGEM/FHN 
;^ ^ H * h 7 7 X ^ 3 > bfclfflflSo LLC/VacTTIi'? i'-T^^ Lfc 
LLC-MK2^!lgo LLCMK2/FHNmix{i F. H N3ie^^A^nfeLLC-MK2WT- ^ O-:^ 
>yb-C^^55:^^aellSo LLC/FHN{iLLC-MK2*fflliSl-F. H NjSfi^SrilA tt Tt^^ 
•j7^;i.;:^T-^mSI«m(3B^) ©«fflllg> l-13^ 2-6, 2-16, 3-3, 3-18, 3-22, 4- 

1112 3 {i. pGEM/FHNO»®Wftl®JiV^{3c):S•^7^';^;^©?^M*St^t3t^m 
•ikmtmnxtb^o FHN^MGFP^31SeVcDNA, pGEM/NP, pGEM/P, pGEM/L, pGEM/FHN 
^^n€nrI^LLLC-MK2«{3jife^^Atfco jifi^^iA 3 ^F^^^«b5£r 
AraC, h U7'i/>At)©MEMiC355J^L. ^ ^{l 3 Br^l^«bfco ?t^n^*A^2B 

gt-^^lli*:ii6S^i"Cli^tx pGEM/FHN®^ip®Wil03l^^^1^i^EL^ m^mm 
m,(Dmifi*)x^^ )V7sm^m^mm\^tzo -?®i^^*^-rc b«i^^jcpgem/fhn 

;&»Ufc®^(iGFP^MflaojSA^ D *s01'.$tl^pGEM/FHN©»*^^i:V^:®^^i 
GFP^Sti > L ^ n^C o 

^^t¥XT-$)So |g3Kg|«^3 Bg®F HN±t^]SW (12well) tzPO RNP^feM 
lSfc^iD0SPER*ffl^^TUJ^^7x^5'i/^>U 4 B^lCGFPS^^Lfeo RNPh-7 
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lh\^fz (±)oAde/Cre^« t T 6 ^F^U^llFHNg S A^SI^^^^ nfe«llliS(CFHN 

LLC-MK2/F, LLC-MK2/HN, LLC-MK2/FHN{I^^ tT h U 7-S/>©?ii!lD®^M-e^# 
Lfci^m^^-r¥KT**i»o lg«3 B^(lGFPMe^3i|fflSS®l£AS»5^«t;to 
^®)^m^^1"o LLC-MK2/FHN-r-®^GFPOj£ASf)*sM^^n> CC-i?^ 

1212 6 iis FHN^3S«®^«±«a*RNA®yy A^iig^StEL;^cSgm 

03Ott^ V7U> •UVMIJLfc'7^i^-7'>>r;i/X©m««tt (CPE) S:^ 
-r^^-e$,;2>o 3xl05OLLC-MK2ii|j!a;&6'i?a:;i/7'U-h{3»l>f::o M^-^tg 
'7^i^-T>j7>r;i/;^*moi=2r"^!^^-frfco 2W^^. CPE^iS^Dto ^ 

0 3 3(i.Jn;VSV-GJni<*:lCj;5'i7x;^^'>rD>;/ Vm^O^^^frst^U-^th^ 
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o 

So AxCANCre^^4 Bi®LLC-MK2 VSV-Gg|«j^^<* (LI) (moi=0, 2.5, 5) (DM 
Ig$:fflV^fco 

EI3 5(is AxCANCre ®«« (M0I=O. 1.2 5. 2.5. 5. 10) ^^X. 

03 7ii. vsv-G ^im^m^'^xnhnfzY ite^^^^b^^^' a^w-ts 

1213 8 {±> GFPJtfi^i&^tfF> HN^^S-b>^^''t'^>'l';^* VSV-K»fi^-|g3i 
«LLCG-Ll{C^^fe^#. VSV-G^^^{C^-ri>S^a-H^^ 

Me-n-s*^^ GFP3tfi^®ig3g^jHi{cp^fciSm^^-r¥^-e^So 

03 9ii. VSV-G ^e^^3KiMjija-^JiJibfc'i'^>'i/x*s Fi>j;t5 HN x^mx 

04 Hi. X >^n -7-^3^ 7-7 K^iilJ§ga®©«ia^^t)-e-{Ccfc5SeV/A 
F-GFP®S:^fiEW©[pl±&^1"0T-^§o PO (Mf^lu) ®d3~d4 ( 3 B @ ~ 4 B 

04 2li. xv^o-r^JiT-^;^^ Ki:iilJ!aSliOlS5^^^to-&{lJ:SSeV/A 
F-GFP© W^Sg©^S^f^®t^fifi^^ 0T' ^ S o GFP|^l4mJiS^ie^ tl 
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H 4 3 (i^ cDNAA^ ® F^s^a-b 0 ^ )\^7.(D]y ©1^i*ig^ ^ ^ "T 0 

X'$>^o:i^>^rn-y^My'^7.S, Ki:mfiji©ffio^^t»it{CJ;§SeV/AF-GFP 
0SMfi£3a^® fRl±^^N-ro 70 @ ^ 1/ > V <t» Utt SlciAiiS*© 

04 4«> GFP^^t^V^LacZif« F ^^S-b>^^' 'i?-!' ;i';^^^^-©lacZ 

114 8 (i^ =&-b>^5^'f 'i7'r;^:^^^^-F^^3i^{tSl/IJ^-^-Jle^^ (seap) 

CD^S«®^V>*lt!|^Ufel^«*^-r0T-feSo SeV18+/SEAP®x-^$rl00ht 
T^n^n^a^il^SLfeo SEAPiie^*^Ti^l3mS-rS(3tAeoT^®rgt4t-J&: 

134 9{i^ PI Ym^%mMM\z^\-y^G'P'P%M^mtWMmMM-^h^o 
ElSOti. VSV-Gi^i-H^^'rSeV/AF:GFP««®JftaiM^s tiimW- ( 
anti-F). MJai*^ (anti-HN). tii^yV4^^)V7.mi^ (anti-SeV) ^ffl^^T'^7 

05 Ui. ^lOirLi*: (VGVj5t<*^) ®#:^TSfc(±##^ETT-F:fc<tOT^^a L 
feVSV-Gi/i- 7°SeV^^^^-frfem0GFP©m^^^-r¥*T-$.*o 

ia5 2{i. ^|g4UiESm»^^ffll^Ti9-iiitfcFJie^*>SVMiF, HNMfe?^ 
^ L 'J;' y A * -r 5 VSV-G a. - H ^' r-b > ^ ^' -i? >f ; u ;^ 0 -i? X ;^ ^ > SI 
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^ F , HNit^K ^ ^ ^ ^ L '^v A ^ -r § VSV-G £^ i - K ^ -r-fe > y >r 
^^)i:^iz^^ mM^mmS-Jl^^ ^^^tWMX^^io 

05 5{i. NGF^3S^3§mtfcF^^M-fe>^^ >j7^;i/:^ (NGF/SeV/AF) O^ig 
05 6(i. NGF^«F^*SSeV^^m«t !3l631^ti5NGF®rS14*^-rilT-fe 

(3^ hD>KUTJZJ:SjS7cfSI4*i©^i:LT^«ffli|g*«Lfc (n=3)o «il± 

?iiii/iooo#rai«« bfeo 
115 7 {i> m¥mfm^^msevm^m^^^^M^ti^m¥om\t^7jKtw-M'c 

A) 3>hn-;i/ (NGFMML)s 

B) NGF^elOng/mLM^ 

c) mY/sevmmmm^^±m/mi^§imQ. 

D) NGF/SeVg5^«BI|gJg#±?Sl/100#«iI^Sn. 

E) NGF/SeV/AF^^mJg#±^l/100#|R^iD. 

F ) NGF/SeV/AF-GFP^^«J^«±?il/100^iKa 

05 8{i. Ad-Cre®moi^:FSe®^3^fi^^t-¥»T-feSo 

0 5 9(is Adeno-Cre{Cj:§LLC-MK2/F©^^;&^-r«-r'fe5o 

06oii^ mitiz^:s>9tm(Dnmf^^7f^tmnx'$>^o 

06 iNIWCcfc-5FSa®Ma^b&^N-r«t:feSo 
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III6 2{i^ GFP-CIU^mSeV-CIUi:CDiailil^*^tl2I"r-^5o 

■i:>-^^ (SeV) ±fi^VAcDNA^ pSeV18*b(+) (Hasan, M. K. et al., 

1997, J. General Virology 78: 2813-2820) (rpSeV18* b(+)j It rpSeV18^j t 
*,V>d) ®cDNASSphIApnIT*?^<btT7 7^^^> h(14673bp)S:I5IlRbs pOC18 
{3^D-->^LT2:*>V^or^:5^^ KpUC18/KS tLtz o¥!fim^&.(Dmmt CI © 
pUC18/KS±T-fT-3^o Fiife^Or^aiis >^-i-3 >:5S©II^^t)-it-r' 

fT^^^ ig^^ LTFMe^®ORF (ATG-TGA=1698bp) $|^l>Tatgcatgccggcagatga 
mm^^: 1) T-iilgbx F^^SSeV>5''y AcDNA (pSeVlSVAF) ^«^Lfe 
oPCRIi> F©±^lzli (forward: 5' -gttgagtactgcaagagc/E?'J#-^ : 2 , reverse: 
5' -tttgccggcatgcatgtttcccaaggggagagttttgcaacc/iH5'[|#-^ : 3 )^ Fjtfe^ 0T 
(forward: 5'-atgcatgccggcagatga/iE^J#-^ : 4, reverse: 5'- 
tgggtgaatgagagaatcagc/E^'JS-t : 5) ®PCRMtfSEcoT22IT-ii^ Ufco CCJ; 
^(C^^n;^cr7;^^ ^•:&SacIi:SalI•r'mL■r^F:5^^^g|5<^[^^tf^^©»fM• ( 
4931bp) ^mULXpVCmz^ n-~>ifL. pUC18/dFSSi:Lfco c:®pUC18/dFSS 
*DraIIIT-?^<bbT^ ifK-^IDiR UTpSeV18*0F5tfi^?&^tf^^®DraIIIWf>T- 
tm^Wk^. ^^^-i^a^LXr'pT.K HpSeVlS* /AF ^^Ifco 

^?>tl. F^^mJ3BGFPj8fe^^$JS«bfecDNA (pSeV18VAF-GFP) ^m^t 
5 fe*i)sPCR(Z J; ?3 ^ EGFPite^CD $:ffo feoEGFPjte^^: 6 0^S((Hausmann, 
S. et al., RNA 2, 1033-1045 (1996)) iZ-^iD"^ i>tzisb 5' liNsil-taildr^^ T 
-(5'-atgcatatggtgatgcggttttggcagtac : iB^J#^ : 6 )> 3' liNgoMIV-tailedT" 
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^-f v-(5'-Tgccggctattattacttgtacagctcgtc : iH^'JS^ : 7 )Sffll^TPCR$:fT 

pUC18/(lFSS®F^^Mt$>-SNsiI iiNgoMIV^l^o^iJPI^mgUiulcM^b^ i^- 
i7x.>7.^mmLtzo c:c:*>e> EGFPjgfe^Sr^trDralllBrn-^llIiRLx pSeVlS* 

pSeV18VAF-GFP $:^#fco 

;&PCR-^JHiU i>-'^>;^ Affile tfc^^ Cre DNAU n >tf-^— biz J: 
M^^^^^^^^^xS J: d {CiStf^nfc ^ K pCALNdlw(Arai J. 

Virology72,1998,plll5-1121)©^--^^it-r h SwalMtlJiAU 
pCALNdLw/Fi:Lfco 

<2> sev-?m^^mmmMt^^)iy'^--mm(Di'^w. 
fxm^y' i^ifi^m^o^ ji^^n^^mnsLt^tiib. sev-F^ a ^ mmt s ^-'i' 

mmUs LLC-MK2M5&ffll^fco LLC-MK2«(i^ 10%®MSL;fe^i&fb'i7 5^!l& 
jaM(FBS). ^-^^U>G:^^ ';'i7A 50#tii/inU *5J:t>*;^ h l/^h 50 
>wg/ml5&^llPbfeMEM-e37'i:. 5% COz-Tlt^Uf^o SeV-Fjte^MtFJilfflliaii^fi 
*Jt"rSfc*{)> Cre DNAUn>h:::>— lffCJ;tiF3ge^Stl<&SI^^3l^nSJ:d 
HISit^ti;fe±IBr^;^ ^ KpCALNdLw/F^. U > ^ ;i/ i>"> A ^ (mammalian 
transfectionkit (Stratagene)) ^oru h:2-MzU^XlLC-mm 

lOcmrb- h$fflV\ 40%:3>7;i/x> h^T"^WLfcLLC-MK2WtlO>ag® 
77 KpCALNdLw/F&^A^x lOmlClOX FBS^^tfMEMmiCTs 37°C0 5% 

(C^^S^. 10cmv-\'-U 5tlI^fflV>> 5ml Zm\ 2^. 0.2ml 2t!ft^§> G418 
(GIBCO-BRL)^&1200>ag/ml$^tflOml®10%FBS$:^^fMEMJSil&{3■CJg«^fe^f^^^ 2 
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;^AxCANCreT"«^. tfCSeV-F^SS^ ^ ^ a— :)-;HgG (f236, J. Biochem. 123: 
1064-1072) ^fflV^•rSeV-F^e®^31$r'i7J^;^^>:''o«:; D JiiTCcfcd 

XAxCANCre^^i!!^©:^^ (Saito et al., Nucl. Acids Res. 23 : 3816-3821 
(1995); Arai, T.et al., J Virol 72,1115-1121 (1998)) iZJi*) iBoi=3 T'M 

mmm^Oul PBS/>*«>7 7'-{3^®^> l^»®2xTris-SDS-BME sample loading 
buffer (0.625M Tris, pH 6.8, 5%SDS, 25% 2-ME, 50% glycerol, 0.025%BPB, Owl 

ttM) ^UQ^. 98'c 3^mmmm^mn,WiWimumzm\.tco mmn (lu- 
>Mtz^ixio' mm) ^sDs-7j?UT^ k^^;!/ (-^jv^^mo/zo, 
it^nm) m%^W}iz^^^mLs ^m^ntzm&it-ti]'^^yuy 

J: t)PVDFfe^^JBI (Iinmobilon-P transfer membranes, MilliporettSi) icfe 

¥bfco mmnoox >{^y-;i/{330#^ 7K^330^^^bfete^?li^Mfflt^ 
imA/ci^ 1 mmn^tzo 

i^fe¥j^$:0.05%Tween20, 1 %m^miXil.tzyn ^if^y^mm^^ -J^^^^- 
7.. STOS) *t 1 n^mMk. 0.05%Tween20, 1 %BSA5&^inbfe:^o -j^y 
y«T*l/1000#f?LfemSeV-Ftn;«: (f236) T-^ST'2B#r^S^&^-&fco 1^^^ 
M$:3|1120ml©PBS-0. l%Tween20{C 5 ^mmM> UT i5fc?# Ufc^^ nmW^X 5 
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r«T-l/2000#f?Lfc^>*-:r^i/y-4f-eraUfeftT;v'i7;^IgGJn;f*: (Goat anti- 
mouse IgG, Zymedtt^) lOml^giST' mP^S^&^-y-feo i^$E¥/iS3S20ml® 
PBS-0.1%Tween20{z 5^F^}gStT?5tr#Lfe^.PBSi^mf 5^F^iS^Ui5fe?tb 

fee 

'fb^^:)tiS (ECL western blotting detection reagents, AmershamttM) tZJ; 
I? JjiSeV-Fmi*: i: ^^^^ ^ n S ^l5¥M±OS a«®tfel±i^fTofeo^^(i01 
tc^sto AxCANCre^^i|tP6<J^d:SeV-F©^31dstfeai$ns SeV-Filfe?M^?fe^« 
^311" -5) LLC-MK2iBflg® m A^SIE ^ fe o 

%hi^fzmmm^0^no--:> ® LLC-MK2/F7aBl!S S jTLSeV-FJai*: ffl V ^ T 7 D - 
■9-^ h U-gl^ffeff^fe (EI2)o t«ct)T^s lxl0%flS$:15,000rpm 
5^P^;^l^>^*'i7>U> PBS200//l-e^?^b. lOOfS^f^bfctJtF^y ^D-:^;HrL 
(f236)x 0.05%7'i^-{b:^ h U'^A> 2%FCS^^tfFACSfflPBS (BSf^b^) T-4 
ll^F^jg^febTSiiS^-a-feo :gm5,000rpn 4''Ct-5^F^;^ >y'^> U PBS 
200Al-ei5t^t. FITCPi8lbfcJn;^e7:^IgG {CAPPEL1±) l//g/mli:30^F^*±r- 
Sl&^i^x SOTBS200>alT-t5fe?tU> 15,000rpm 4''CT*5^F^m^bT«^;^ tr 
>^e7>ts lml©FACSMPBSH!i®bfeo EPICS ELITE (D-;i/^-ttS^) t;!^!? 
>b— »f-:&fflV^Tx iilje«^:S488nni. ^^«[:R525nii-e)»^ Lfco ^O^W. 
LLC-MK2/F7 SeV-F5t15?g|*^^^#M6<J{3m<*^®iti.^S/i&f43!)^1tffi^ 

sev-FsaM*siiii!a*®i3^3s$n5c iiA^si^^nfeo 

2 ] '^;i/>'-?-iMJiST?^3i^nfeSeV-F^ yn>7%(r)%mm. 

A' -«-e g| ^ tl fc SeV-FM d K (ilA^* ® M a ^ A^ii fc n T V ^ 5 

LLC-MK2/F7iilllg*6cmi'•\'-^{C^^^ n >7;i'J^> h ST•*W^•&fc^^ r=r 

J t> ^ )\^7^kfS:m,VQ-^^mhOl^'& (±HB) {icfc!?moi=3T'«^> h ';7"i^> ( 
7.5>ag/ml, GIBCOBRL)$:^tfMEM (serum free)T-37°C 5%C02 ^y^a.^-^- 
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<tOs FihF2® 2-ooit:r^->;^ htmstrSti^b^n^o 3®J:d{iFmeA5 

K (pCAG/SeV-HN )$:h7>;:^7:i:^i^3>LTh';7-i/> ^&^tfMEMT' 3 B F^^« 

iBBS^®-^®l®Slli^ (Hematoadsorpt ion assay; Had assey) •eSI^Lfc (04 
)o ttniDib. mmmmz l h Vm^tm^ Iml/dish^AP^^ 4'CT-10:9-F^# 

ffl t T fMISife-^ ^ § I § ^ C t ^ *s^J bx LLC-MK2/F7T-^i^^3i t T V ^ S F 

m^tztz^. ¥!Km^eV(Dnmmmiz m\<^fz'y^iy=-7^^)V7.\z^^ 
mm^i^(b<Dm^%Mifim^<iy^^'jY-tyLfzzhmm\. (las). ^^u^-^ 
-iiiiSi^*»e)ifi^i©Fss©«i^(z<fcS'^>r>'u;^0S^fiK{3fiei;!]L^*^^;feo "7 

^ ^>r:T'i7^ ;i/:J^tC^f 5 V ^ l/ >(psoralen)^Sn-Cft?S?ftS^i^(long-waveUV 
) T©M (PLWUVM) {is U^i^:zT^^ )l7.(DW.mt^tJ^^^^-^s 11% 
m^^ifimtt.t>tii\>^Zti^U^^iXX\,^^ (Tsung^s J Virol 70,165-171> 1996 
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)o ^c:T\ Z(D?LWmmLtzU i7 i/ zlTO -( JV::^ (PLWUV-VacT7) ^fflVNT'i^'f 
Stratakinker 2400 {ti^a^^^ mm (lOOV), Xh^^i^-^U, LaJolla, 

cA,usA) ^fflv^feo ^omm. nmmzm\'^tzF^Mmmt'<^FmB<D^M\m 
m^tifz^ ®©^ c (D?my-va.cTT^wm^Ltzmm(D\ysaite^^)v^^-mm^B 

^LX^ araC® #STT- iiU ^ iy t^^ iffiM^ ^ ^-,^fflJiS^*^ ® F 
ge|g^t3^)5&^^^L«^V^C:^:*^^JB>9b;fco ^^tC. C®PLWDV-VacT7^fflV^fc 

^n5fe*^ofe®{3^b^ lO'(Dm?l^-b'<bi)^^ )iy^^W°smttj^^. 0^)i:^<D 

m^u.^rzo 

F^^gi5(ii{Cenhanced green fluorescent protein(EGFP) MB.J-^l''^^—^ — 
tLX 6n)l-)HzU-oXmXLtz±$d, pSeV18VAF-GFP ^Ti3©<td{3UT 

iic-mzmmz h^>;^7x^>>3> [,xGf?(D%m^m,mLtzoZ(Dmmmmiz 

LLC-MK2 m^5xl0«cel Is/dish f lOOmm ^ h ';mi3»§> zmM^W^. V 

^i/>i:fti^smi^ (365nm) T* zo^m^mL. nimn'^v ;i^—iitmmt 

:h^)'3y\^±>Vr?^i/=-T^^ )\/7. (Fuerst, T.R. etal., Proc. Natl. Acad. 
Sci. USA 83, 8122-8126 (1986)) (Z^ISt 1 i^P^^^^-frfc (moi=2) (moi=2~3 

^ $fjit^imoi=2*sfflv^^n?>)o mu^^^^^Lxi?^r^7.^ y pseviav 

AF-GFP, pG£M/NP, pGEM/P, St>*pGEM/L(Kato, A. et al., Genes cells 1, 
569-579 (1996)) *'?n^ni2>ag, 4/t/g, 2/zg, RXJ^ius /dish ©filfC 

OptiMEM(GIBCO)(;5S^L> SuperFect transfection reagentd^g DNA/5//1 ® 
SuperFect, QlAGEN)^AnT?i^b^ ^Mt?10 :0-P^S{§m> Si^e^t3XFBS&^ 
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tfOptiMEM 3mHzAn> mtrMbtm^Lfco pSeV18VAF-GFP ©f^fc !9 (C^ 
HBi: LT^i^SeV^V AcDNA (pSeV(+)) (Kato, A. et al., Genes cells 1, 
569-579 (1996)) ^fflV^■r MOHi^Sfrofco 3^r^tg#a> Mt: 
^^35^^^MEM T-2I1^5fe?^t> >> h$/>/5-D-T^ 7 7^ h'40yug/inl (AraC 
.Sigma), h 'jri/>7.5/zg/ml (GIBCO) ^^tfMEMT*7G^P^^# tfco dtl^)® 
m^miRUx hSOptiMEM {zMUfc (10^ cells/ ml )o m^^MM^S 

li^ OjILTlipofection reagent DOSPER (Boehringer mannheim) L ( 

iCceiis/BS/zi DospER) ^ST-i5^S[SiLfcm> mMiic-mz/Yi mmmiz h ^ 

3Li7i^3> (iCcells/well 12-well-plate) jfll?i^^t ^CV^MEM (40 
Ag/ml AraC, 7.5//g/ml h U r5/>^&^tf)T-J$« Lfeo 

'i7'f ;i/:^**©3o©«|fieg|g. NP. P. lifit^xm^tdt^izo 
MFP©l6^«i^)^i^^ ;S1.3l5i!e^!&^3i-r§^^'i7^^i/:^RNP«fiKtf#Sc: 
ilAsWJbfc (EI6)o 

^it^^m^tzo mmLtz^^izmmti^m^Bm^n^^i'^ (pSevisvAP-GFP, 

pGEM/NP, pGEM/P, ;Rl5pGEM/L^|5l^lZ h7>;:^7x^h f ^^f*) ^M^tl 
tji\,\^i!^ (pSeV18VAF-GFP, pGEM/NP02ffl©7"^;;^ ^ h-7>;^7x^ h 

^ U 4^ V - A ig^ LF^S^BBS ^mMBmiZ ^Mfi y 7 x ^ ^> a > d 
n ^©mi-43{t -SGFP^MJ3S©J£>!)5 !9 -i/ ^ )\y7.%ll-(DmWL^m^\ytzo^(0 
i6tgfi^RNPAsS;^^^nfe^f^©^^'-lr-h^ffiV\ F^3imt«Atfc 
|^{C©J^iiGFPI63^«eflS©j2:**>3A«m^^nf:: {MDo ^ ^\Z. y^-^T^y^-f 
|5)1i©^{i^-t:©tf^7'^-^^©ff^s!o*^il^^nfco ^n^©^^*^^ 

X F^jft'^^' e>ffM$nfe^iiMP*^*F^jSMS3)5©F^ 
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3lJlflS{3|il^tZ^ilPU h ';r5^>#a^|l^#fiTT-3HM#tfcoFBMIia 
T'li, h U^S>>#STT-©^'i7^';i^XAstig^nfe(III8)oF^^^Sm®±?* 

izmm^ii^ztifim^t'ttt-ofzo z<D^oizmm-^nfzmm^FiK9zm-\z> 

mm±m^(Dr:p^ total RNA«iiit-Cs FM^^rrn-ytcL-r 

(Dmmo^tmmo¥0iR.^^mzw^t^zt (01 ik #©3ife^© 

i^0^mmiiB^r\.^ts^\,^zti3^^^^tirzo ^tz. m^titzF^^'y-( )v 

^l^ll^3rtg|5{C^'J*;^J5:RNPigl3i^;^>'U^««^i$:*bTV^fe (mi 4)0 ^ 
'j7^;ux®Fi:HN{iiNFMfi^{3S^&-r?)^=iD^' h'i^'&IgG(antiF,antiHN)^ 
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<Totai momm. y — tf > r d «y h m^ff. *5 x ot-pcr> 

F^mmm.llC-m2/¥HZ^^ )l7.mm Ur 3 BE(J^mm±mt^ ^QIAamp Viral 
UNA mini kit(QIAGEN)$ffl^.^^ ^(D^d M]-;i/Ct:^l^total RNA®atti*ff ofc 
o JfilSiLfctotal RNA ) t h'$:^tf 1 ^^^ti:?'**^-:^^' 

;l/t■r^*tt^StbT*»e>^ >'^dpa— Ayo^yT^'f >y^H (Amershai Pharmacia 
tt)^ffl^^Hybond-N+^ > 7*^X3 h ^ 7 t LfcofteKUfc^ >:r^>(±0.05M 
®NaOHT-@^t. 2i^^§iLtzSSmmm (Nacalai tesque) -^tt^^tm. 
yij^^^f— .>3>^^^ (Boehringrer Mannheim) -C30^F^7°lx^N-r ^'f -b* 
-i^3>^fTofco (DIG) -dUTP(T;^:^J'J^§^4) 

^Ar^-r ADNAJti^^(DIG DNA Labeling Kit, Boehringer mannheim){;cfc tlf-^ 
figbfcFfeSV^IiHNiie^®r^-r^&?ii!JPtT16^FJ>'^■< T^U y-f X^"&;feo 

(anti-digoxigenin-AP)i;Sii&^^^s DIG ditection kit$:ffl^^TPtlf Ufco ^© 

0)o 

$ HRT-PCR{; J; »3 Piffl^J^Ptf S^T o o RT-PCRtiMM Lfe -i? ^ ;i';^RNA^ 
SUPERSCRIPT!! Preamplif ication System(Gibco BRL)^ffll^^ •€07'D hn-;p 
^C^^^^fi^st strand cDNA LA PGR kit (TAKARA ver2.1)^ffll^T»® 

J:=5^d:lfef^-ePCR*fTofco 94-C/3^Sf&m> 94''C/45#,55'C/45#,72°C/90 
l-9-^^;i/i:bT30-9-'f ^;u^li*ibT72°CT'10^r^Hts 2%T:^n-;:^ 

h F:5ii^gi5ffi{Zif AbfcEGFP©^i^^3ffll^fe:7•^ -v-fiforward 1 :5'- 
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atcagagacctgcgacaatgc (SB?!J#-^ : 8 ) , reverse 1 : 5' -aagtcgtgctgcttcatgtgg 

(mnm^: 9). F^^^mzwxLrzZQY?tiifiMB^^(ommizm\'^tzy^^ 

Y'— liforward2 :5'-acaaccactacctgagcacccagtc (iE?!j#^ : 10) .reverse 2 
: 5' -gcctaacacatccagagatcg (SS^US-^ : 1 1 )> ^^oiz, Mit^E^ilHNjte^^ 
il®^l±forward3: 5' -acattcatgagtcagctcgc (@E^J#-t : 1 2) hreverse27' 

^-fT- (iH^iJ#-t: 1 1) -Cn-otzo ^(Dm^s GFP®3ie^(icDNA(Z)^^®lt 

tmm(D¥(D!K^^mz^:&t^zt mil), ^tz. mo^B^cDm^^it^^ 
m^wm(Di^^±m^2i , ooorpm. zo^mM>t^ bx^-( ji^x^^x^^^ v 

>^^tfPBS{3 J: »3 IS^F^S^^aa^^ 0.1%BSA^^t?PBSMT-30^HU^3* b 
. ^e>tc|5lM-e200fS«LfcJrLF^y ^O:;'— ;i/if[i* (f236). ^fc^OT^y 
^u-±)\^tfii^ (Miura, N. et al., Exp. Cell Res. (1982) 141: 409-420) ^ 

myLx^m^mx'6o^mK^^^-^tzo ^(d-^^v h^?Bsxm^Lx. 200^ 

L fc^u o ^ K«irL^ ^ :^ IgGtAi^^mr LT IrI D < «M«^T-60^F^S 
h<Z)±{C4%©I^K'i77-'i7A^?S'r2^^^feUlS*i^-^fc±x JEM-1200EXII m 

), 's;wi-«®^i-r s F ^ ^ o hr 'J ;r >{3^^fi<iicgsi t) jii^nr 
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o aSil8BSD^«:/ h (SPF/VAF Crj: CD, M, 332g,~9 M. Charles River 

hi^%-km^ tj^^aBM^yj ^wi^mtim. ti ffi ufco mpm.^my^iz.m^m-^ 

imWi (5%'i7vMi:5%^«?i. 10%DMSO^^t?) DMEMlz^b^ 7.^ ^ 7.\.X 
7j<S^ffa]L;t^^^W >^?^ (1.50,^^X7^^" >0.2mg. '^i>ilafir;i/r^ >0.2mg 
, y;i/=3-;5^5iDg. DNaseO.lmg/ml) 32°CT' 5 ^Sfctsiijait btlS^P^ 

U iblti^iZtji^^X' >(>'!/^m^Mbti o22VlZ X I200rpin 

b^?MMit''Vtz'^^W\M^^27 supplement^Jn Ufcneural basal medium (GibcoBRL, 
Burlington, Ontario, Canada ) (CH ?l t^ U -d- U XBecton Dickinson 
Labware, Bedford, MA, U.S.A. )T-=J-X'f > ^ ^ tl tz r U - h ±iZ 
IxlO^cells/dishS^. ZTC, 5 %C02 T-Jg«^fTofco 

^(D:Km&WWi%mmnmmm 5xlOVwell^5BF^lt«^xF^^SSeV'<^^S^ 
-^^^^•B- (moi=5K ^^{3 3BP^JS#tfco 1% ^l7 7j^;UAT;i/7^t 5 
% -^^M, 0.5% Triton-X^^tsm^mX' S^mmUX-m^L. BlockAce(S 

microtubule-associated protein 2 (MAP-2) (Boerhinger) IgGi: INf^ 
^y^:L^-->3>Ltzo?m-)X 1 5 3 Ipl^5t^^^ 5%-¥=^i^JfilT»/PBS-ei00 

^#fR^nfccys3-ig^tn;^'i7;^IgG^^^-cmP^^' >=^J-^-i^3 > bfeo ^ 
?> {ZPBS(-)'e 1 5 ^§{3 3 IS?5fe^^x $BllS{3Vectashield mounting medium 
(Vector Laboratories, Burlingame, U.S.A. )§j!)Dx.s ^^.^ii^Sl^a^ (Nippon 
Bio-Rad MRC 1024, Japan) T* 470-500-nm ttzit 51G-55G-nm ©excitation 
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band-pass filter ^mitz Nikon Diaphot 300 m^Lmn^-cm-ZcD^f^mBt 

mom^izx^zmm^com^mm^n^tzo ^(D^m. map2 m^nmmmiz 
im?mmm%mx^titzz ti^BMi^t^ ttji^tz (01 5)o 

E^b h^mSSIfflflS (El 1 5 , Muscle). lE^t Y^W^ (HIS, Liver). IE 

%\L vm^mM^n^mu (m 5, Luiig)^©bi MEmmt^F^^^sev^^^ 

-^^^LT (iB.o.i=5)x GFP^31^M^bfco ^^Tn^DmCi^l^■r tiJJtJlOO 

^-'&^^^-e-5llii^5&ffofeo tt*. C57BL vt;;^ (6ji^il) {3l50mg/kg {I 
75:^ J;-5(;5-fluorouracil (5-FU,Wako Pure Chemical Industries) ^^jgrtfi 
IJdP injection) t.a4 2 H^.:^iii#ct 0#il«$:llIJRLfco Lympholyte-M 
(Ceda^lane)*fflV^fe^&g4giBii<t»^3J;o■r#Mlla*^8lbfco 3x10" ©WSfi 
mznx.. bf:t5^>^i8^nfcJjiCD45R (B220), {niy6G (Gr-1), mLy-76 (TER- 
119), mi (Thyl.2), mc-l^^i^^^ii-fcX M-7-hTf>^>aMtf-X (7t 
-^i^x>tt, 7:M35/1±) ®?I^tfc*)©*3xl0' ^Sn^4*'C(ZT mF^Sf& 
MSt-cfcO. Lin*CD*Bll!a;&I^V>f::^®^lilJRLfc (Lin m) (Erlich, S. 
et al., Blood 1999. 93 (1), 80-86)o Lin" «4xl0=«{Z>prL. 2xlO'HAU/ml 
©SeV mn^^ y hSCF (lOOng/ml, BRL), Mllx. b h IL-6 

(lOOU/niD^i&nx. ;feo tfcSxlO^© h ;i/#il$ailiSH?* tr F ^asev 
4x10 WmK lxl0*©m{Z^t5xl0'HAU/ml©GFP-SeV^*nx.;tc «c4b\ GFP-SeV 
It. SeVmW-^^ y hpUC18/T7HVJRz.DNA(+18)(Genes Cells, 1996, 1:569-579)®S'J 
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^^mm^-^. mALXi^mbtzo mn®;^a(Genes Cells,1996,l:569-579){C 
Vt^ \ LLC-MK2iMflgi> J: y^^WH^iP I GFPite^S^tf 0 ^ (DUm^ ^ 

tz'^. mM^-^ti^tiZmiZ-^iis — nxU;^ U > (phycoerythrin 

) (PE) mMifL-cum ic-kiu pharmingen);& 'bo-mitnmm 

tLtzo 3m?iSiZXmWLtz'lM:s 70— •t-f h ^-^ (EPICS Elite ESP; Coulter, 
Miami, YDiZ^^M^^n^tzo 
^Of^m. Jfll?^®primitiveM!S©v-*-T'^5}nc-kitJni«Ji>'J ^f^^ 

Ltz^mmmiz'bF^^msey^^^-iimmi.. oFP^ge^^asd^is^^nfe ( 
. iic-mzmmizmML. 3B^nGFP^3im®#tt®*MtJ;DfT^feo zn 

KF334/DU Crj, 6 M^. f&. Charles River){3^S:g^7k i:KmmM) 

xioi^^^Lrz(5mg/mi)^yy^-}i^±hVf72:.mm i^^i-yf^^ifh) ^mmp^ 
^miz^^mmu 'mmm^iiLm^mm (david KOPFtt) ^m^^^x^-ox^x 

O^-^Sfrofco ^#gP{fi[(iinteraural lineJ: ri/^ v (bregma) ^5.2mms 
7Ayj;»3:&W^2.0Bim. ijM<fct)2.4mm ©ffiiBH 3GG ©3£iJltl-(Hamiltontt) 
f20>ul (ICCIU) aAl/fee t-S^flei^®±*«{3GFPcDiSV^^3i*s|^^^n 

fedai 7)o F^5i^MSeV^^^--r-liaiJTO©iSa©'i"f.'l':^A^^fi!li 

b 9 5 * liwig^eiaic b *»GFP^ > /I ^ MiomMifimm ^ti-r.zti^ 

(D^mzm^m^i)m^^tirj:i)-otzo m-^^ntz^y hxitm^i^n^^xiz 
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. m. mm. >m. mm. )l^©i^igss^®v^t'n^I*5l^T*»^'^mM*^ls 

imMM 7 ] F^JiSeV>yy A*^e)®F-less"i7^ )l7.n^(Dm^ 

<1> 

F^^|g^LLC-MK2mi5 <fc t>*F^mLC-MK2m(LC-MK2/F7)tCF^«SeV-i7 ^' ;v ;^ 

®HA assay©^^;&^Lfc (^1 8A)o ztih(D^m±m^'^n^nm'^mmiz 
mmu zBmm'^(Dmm<Dmmm(DM assay®ig^^^bfe(Ei 8b)o 

±M ""Cj ItMmMtLXm^^tzVBS^MiDto Dilution (#f?) ©il^li't^^' 

*5J:t5 lane 12) $:l6W^§Pl'Sg^« tT^#2B^©li^?«®HAassay;&ff -t^fe 
(01 9C)o ^®iS^^. F^}iSeV<i7^;i.;^4MtfcF#^3SmSfcli^Wm§P 

<2> 

MSeV*^?)QIAamp viral RNA mini kit(QIAGEN){3 J: t)I^S! tfctotal RNA^&Fiife 

^mm. tfc{iF^^iiJ!a®l^s±?i®'^7^;^y^**®RNA©^^•rn^bHN^tfi 

55:*^-3fe(iai 0)o C©HA^t4T-^^t4A^'5:tnm{iF^»'5^y A4^^•rv^^ 
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® C i;{±F-less® t :t >®#i£^^ U^F^e < T *)HN^a^« ^' ^l/;^ 
^i:(i-r-etC^^^n*5D (Leyer, S.etal., J Gen. Virol 79. 683-687 (1998) 

). ^m(DmmimimB^mzsev\^ >; :r > tmrnx- ^^zt mmx mhti^ttii 

SeV f^KmBM^^tS tr <; :t > # C LT V^ So 

<3> 

RNPi^ jiti > p - T'ti -a ^ n T I ^ -5 c: ^ & fil^-f fc to X * ^ ;r - 'J 5ii 
V-A(DOSPER,Boehringer iiiamhem)tm^Lr. ^ST*15^F^^ >=^Pa^-$^ 

mm^tifz (02 Do c:©c:i:*»e)x f^ism^Bx-mmzmm^titzm^^cotii 

<FHN^li>yy AcDNA0^^> 

FHN:5^^MSeV>:f/ AcDNA (pSeVlSVAFHN) ®^^{i^rpUC18/KS^EcoRIT'?^ 
{bLTpUC18/Eco^i^^U^FiHE^©Plii&n K >A^^HNiie^®i^±iJ h*>*T- 
©S©^iE^J* (4866-8419) Bsiwia5(i(cgtacg)'??a^ t«f^Lfeo 

FHN:5sjMte©ffi^'J^i>-'>">^T-5SEtfc:^s EcoRI7^^p<>h (4057bp) ^ 
'!7';i/*^e)lllRUTpUC18/KS®EcoRl7 7^V> hi:gtl^X.T^^bfeo COFHN 
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^«^J^^^tfKpnI/Sphl7 7 ^p<> K14673bp)^^;H51iRbT pSeVlS*® 
Kpnl/Sphl7^^p<> h r^^K K pSeVlSVAFHN ifimibtltzo 

-13. GFP4#AtfeFHN:;^iiSeV cDNA®^ll(iiJ:®<fc a (Ifrofcio pSeVlSVA 
FHN *»f)SalI/Xhol7^^^^ > h(7842bp)*Il]iRbTpGEMllZ(Promega){Z^nn 
->^^bx7-7;^ ^ KpGEMllZ/SXdFHN^ bfcoFHN^^i^MtCdZEGFP (Clontech) ® 
ATG-TAA (846 bp) CDpiSgtZBsiwlgPte^ftiO UfcPCRMtl&BsiwI^^T-^^^b LT 
, pGEMllZ/SXclFHN©FHN^«M®BsiwIMl3^i^tfco ^jtlfcT-^;^ ^ K(i 
pSeV18VAFHN-cl2GFP hhfzo 

^txHNCDORF^^tf 7^ > h ^pCALNdlw (Arai e),H<jlB)®^--^5^^SwaI SB 
m:.WX\^y KpCALNdLw/HN k. t fco 

LLC-MK2iNBfla{CpCALNdLw/Fi:pCALNdLw/HN$:l^«^ fe(iP«c5aJt-C?g-& 
mammalian transfection kit (Stratagene) ^m\^^(Dyu hD— ^Kzi^oTii 
e^^#A<&^Tofco G418t 3jiP^SiRLfc^^P-->^Ufeo ffe^nfc^^M 
<4^o->{i-en^nCre DNA lf^^3®-r5MJfetT7=>"i7^>'l/;^ 
(Ade/Cre) (^|jj^,mil3) T-j^^L (mol=10K Fi:HNM&^®il#^3i3 B^^IB 
liS:&PBS(-)-^ 3ia?5fe^bTlE]iRU 'j7x;:^^>rD>yx^' >yS$:fflt^TjJtSeVF 
h^taSeV HNMfiM©^>'^^D-:^;Hg6^3<fct)^ti±ltfc(EI2 2 )o 
<pGEM/FHN®#l^> 

pCALNdLw/F^pCALNdLw/HN?&;^ll(CfflV^fcFi:HN7^ > h $:^tl^npGEM4Z 
. PGEM3Z (Promegatt) \Z^u-=.y^\^. pGEM4Z/Fi:pGEM3Z/HN;fe^f feopGEM3Z/HN 
©T77-D ^-^ - iiHN^^tf ^^=&PvuII^^T-M ^^nfc 7 ^ ^p<> h 
^EllR L/^pGEM4Z/F0FJie?T^iS®SacI^r:— ^■9-^' h T'^if L¥^^b t 
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JiOT^ ^ a :^->'l^ln<*:T- 'i' X ;^ ^ > r o 7" > ^$:^TV^^ F hHNP^:^® m e 

i±FHN^tlg31iBijS-tJiti$:fT^ to FHN^aGFP^31SeV cDNA (pSeV187AFHN-d2GFP 
) , pGEM/NP, pGEM/P, pGEM/L, pGEM/FHN&-en^'tl^ 12//g/10cindish, 4//g/10cin 
dish, 2/ig/lOcm dish, 4//g/10cm dish, 4/zg/lOciD dish®ii:bt?S^b (M^ 

mm., 3mi/iocmdish)s mmbtzf^msemnmmiimmtf:i3mx'iic-mzmmz 

m^^mXLtzo jte^?iA3^F^^J^Jte^AraC(40//g/ml, SIGMA), h U r^^> 
(7.5>£/g/ml,GIBC0)At)©MEMt^J||bs ^ 3 0P^ig«bfco Mfi^^lA^2 

HgT•^^ll^*:Si«liT•ISI^L^ pGEM/FHN®^SP©*^®av^ t> GFP^3i 

afllS®i2:*^DT-'>'r;i':^®ffM^fil^bfco s^^^^ipgem/fhn^^ 

isa Lrzm^mf?%mmf!^<OJi:ifi ^ i^m^-^fx^. pGEM/FHNC^iOASTEcv^Ji^liGFP 

^31li^>>^>tt-r t*^ill^^n'fe*^ofc (132 3)o FHN^6S«^l^t3» 

I ^ ^> 3 >®a^tiF^« |5|;^npi®FHN^3Eimt? -^7 ^ ©HlJRfzfiga ufc 

(E2 4±)o 

Ade/Cre$:Jt^ LT 6 ^F^W^tCFHNM Ai^#^3S$nfciilflg{cFHN:)^« ^ 

)vxm^mkLi^mifi'Qnfzzt^m'^\^tz {02 4t)o 
Ym!Kmm^%^t ^(Mkif^ hn^^-^titz^ ))y7.m\t llc-mk2 , llc- 

MK2/F, LLC-MK2/HN, LLC-MK2/FHN{C^^UT h ri^VC^jQ^WftlT-JgilUfc 
o J§« 3 B^{3GFPiia^miilflS©l£*^ f5 ^JSE Ufc d 5^ LLC-MK2/FHNT'©5^ 
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Wi^izm^^ti^zti3^mm^nrzim2 5)0 
FHN:)^a ^ y A ^miit -5 ^cfe, llc-mk2/fhn«^ e> m^titz^m 

±^t$:^i'Ci^tfc'^^ QIAamp Viral RNA mini kit (QIAGEN)T"^® 7*D hD-;P{I 
tilfoTRNAaai^ff ofeo :i®RNA5|: Superscript Preampl if i cation System for 
first Strand Synthesis (GIBCO BRL){Z J; !3RT-PCR®7^>r U- h-&^!e^^f 
TAKARA Z-Taq($«ji) $:ffil>TPCR^ff o fco ^^^SfliF^^-i^-f ;^:^^ffll^^c 
oPCR7*7-r Mit15?i:GFPJlfi^®iia«^^'&i3-a-s l^tzitmB^tL^B^ 

®m^^'^t»-y:<&fflt^T^Trofc(M3te^i:GFP3ie^®lfl^^^3-^ (M-GFP) (ZOV^ 
Tli forward: 5' -atcagagacctgcgacaatgc / BE ^'J S ^ : 1 3, reverse: 5'- 
aagtcgtgctgcttcatgtgg/E^iJS^ : 14; Mjtfi^i: Lite^O^I^^^fc-fr (M- 
Ddov^TIi forward: 5' -gaaaaacttagggataaagtccc/lE^OS-^: 1 5, reverse: 
5'-gttatctccgggatggtgc/BE^iJ#-^ : 1 6 )o Mi:GFPiife^ ^^v^ 

tf^l^m^nfeo M^:Lilfi^=&■rv^^-^3fflV^fcil■&(i^ FHN^«{iGFP$:^^;^c 

Rif^®t»-^x©>'N*> h•As^m^n^F:^liom^{±HN3i^K^^^^:/2it^xT•:l< 

(132 6)0 

«#±?fSlHliRUx LLC-MK2, LLC-MK2/F, LLC-MK2/FHN^0^^^®^S:fTcfco ^ 

©igm^ ^^■rtl.©^^iialilS^3^5l^T^)GFP^3®m^ll^^tl■r^ ::n?)©m^ 

tis^tXlzm^^n (Kato, A. et al., Genes cells 1, 569-579 (1996)). JfFJii 
* S T T n «IS a y -b X^ - ( ASG-R) * L T MISC 4$Mfi*J t- 1 5 
Zti^m^^titz (Spiegel e> J. Virol 72, 5296-5302, 1998)o U^ts Tmi^m 
m^y' 2^t:n-^.t?-( )\^7.:^y^U-ritFm&C0^-(:m^^ntz\^V:t>ifi F 
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50// lCDDOSPER/500// l/wel 1 ) ^ CD S^®W«^TFHN^?1W ^ y^c(il^^mLC-MK2 
mica^tfeo ^©i^m. BUKlit:feF-less)&^(Dil^i:|Hi«, DOSPERi:?M^b 

1. ±(Zx!l^fc^-c-tHi^nfcF^aRNPIiF-less©'>'f ;U^:3i>-^n-7*{3S* 
nT43tix c:©x>^D-r^<b#^fitjH<igpS^d:^m:!9mM©m^ABg'^ft 

*pu ^fciiiie^^^Aisii^Jtfi?^©cfc^'&*©t?TO3#Aur (RNPh^ 

2. HN®mi^ K^>r>*^U iiBflS^Kp<^'>S:ffe©U-br<$'-5fei|$M6«J{I^ 
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(Leyere>,J Gen.Virol 79,683-687. 1998) v^J^^^SMC^f 
V^-f FSe^^ri^i— h*'fbtJt^^^-'fe^^^n-rv^S(Spiegel?)J. Virol 72, 

5296-5302, i998)o ttz. Fm&Mt^h vri^>xmm^tirzmsG-m^bxM- 

J.Virol. 71, 5481-5486, 1997)o m(Dn^(D^it-m&J^<i^ML^mm^Xh^ . m 
mmz^^^--(D'l^'?-mWmmXdb?>o^tzSpiege\^lt-t>V^Fm&X->:x 

iSL^fltz. FHNi*^»SeV'i7-<;i/;^':fy F^a®^^^:i^>^o-rMe 

^miifimALi^titzo 
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tiz^r)mmm^n^ri^^i^s tt^'j^^^-- ifo^$&nii. t?:*^';^^— if^ 

^JJ:bT 'J7T>e2^>SMV^•rv^^*s> iPS^®^ (Kato, A. et al., Genes 
cells 1, 569-579 (1996)) Hits V y r >t:iy XDliMz. AraC$^^T LTffl V^ 

® lii^iz msmxm < rna* ■^"v t > ^m$^ *)i#©gfii:UT3-Kb"C43t)> 

3®^m*^xmMT'T7rD ^-^ -(3 ct 0 nfeRNA>&^ + <;/ > b-r$ 

T "i^^r ^Psoralen-Long-Wave-UV^-eMSt 5 il {3 .fc x "7 ^ ^>-T 'i?-!' 
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(DmzJi^'^-f )lX(D^^it(DmWifimMlz^^i:>ti^t%^^h^ (Tsung, K. 
et al., J Virol 70,165-171 (1996))o 

mmz^tn^if%^^iDti:<x^^\.^o 
b*^u ^>()iy(.(Dmms n'?-mm(Dmmuif^m-<^rzf!bizi'^^m^t{i^m 

-i )\^7. ttzitiFim ^ -< a^m^m ^ ^ \zYc^x^m\zmmm^^-7. ^ 
isbiz. nmm(Dmmtu^i^-T'^-(ji7.<Dmw^-(^-t^mmiztj:-:>x<^o 
^ntjii?^tz^m't7-( )\^7.^nmmiz^t) o^^tifix^tziF^FHNiF^m^^ 

5i:%;l5o ^c:T•*^^#^li^ v^-v^t^^U (UV)OM^«li^U 9^ 
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;i/:;^NP> Lge^^3S-r2.pGEM/NP, pGEM/P, pGEM/Lr^;^ ^ KillsI^CMC 

uvBgW-^r^T- V ^ I' > ® ^& 7 ^ v' - T "i? -Y ® ^ ^ -® 

Mij^A^B^nfco LA^b. T7;}^'J^7-^f?S^4(i^ V7l/>^iSA^0. 0.3, I fi 
g/mligti^ib^m-B-Ts 10//g/mlT'{± lO^Ol LTl>fco (1112 8) 

o 

1000^©l(;^T-M{l>^-&SC:h*^T-^fco (0 2 9) 
^t>htiits^^tz (13 3 0)o 

otzo 6well0V^^Dru-h(CLLC-MK2iHBJ!g^3xlO**BIIIS/wellT-Jit§x i^^ 
lg# t PLWUVaiaiu ® ^ ^ ^ -J^J? 1 6x10^ pf u/lOO/z 1 tfJi^X'^iZU ^i^ 
=.T^-( PBS^?t^0miI^^^-fr;to mP^©^^^^ 100 

juKDom-mizr^T.^ h\ pGEM-np, p, u ^vxcdu^^ti^tii, 0.5, 1 
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, 4/ug^1]Qttz'b(DiZ, Superfect (QIAGEN) ^rlO/zljbn^s ^ST' 1 5^S!lML 
fel^ linl©OPTI-MEM (GIBCO) (Rif. AraC;|:^tf) ^<t>t. mtrastfco 
h7>y^7i^>'3>^2. 3. 4Bg{cm=&lpIlKt^ 3S'C,^^> 300/il/well 

u i^^mmoB ^(D^-^mmiz^^m. 4 mt^mm t ^ (ixio*. ixios ixio'm 

ji^. 10*T-li+jiS. 10'•^^iS;^i:if^T^ nm^om^ (Reconstitute Score) 

^^isbfz (EI 3 1 )o t^»^CIia l(D'M<Oo 
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^m^btztoi^'ptjiitfi-ox^^^rz (1^32)0 
r:7"j7^;i/xfi*®cPE{i^ gla^tglgT•5feMo^ moii^(D^-(^-^^-o'y^ 

)\/7.(D^nt^t)^ts:i?':>tzo 
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^-(i. 5pfu/105 cellsW±-eii'5:*>^fco tlfoT^ «MRrtg^'7^>'-7''i7'f 

cD^g iiO . 005 % Ji;lT {3 }iiJ ^ n o 

<1> VSV-G 5ie^S«^*SI3l^^1-5^;i//^-«BJ!S®f^SI! 

VSV-G 3t^5^»^iml^St^'&^tTV^Sfeto^ Cre ';=i>lf:h— lfl3j;t) 
VSV-Gjife^MiJA^SI^^^^ni)^:^!^!!^^!^^^^^ h-pCALNdLG(Arai T. 
^ J.Virology 72 (1998) plll5-1121) LLC-MK2 W-r©$^«A**© 

fttB^frofco LLC-MK2 TO'nCT'^;^^ KCD#A»i^ U >^*;i'S/ e^i^S ( 
CalPhosTMMammalianTransfectionKit^ ^u-y^f^v ^P^^) :^<^v^ 

lGcmri/-h*fflV>x 60%ri>7;ux> h^-C^Wtfc LLC-MK2iMfla{3lO>u 
gCT*^;^^ K pCALNdLG 10 ml ® MEM-FCS10% tg«fe{;T> 37°CO 5 % 

CO2 ^>^a.^-^-'t'T24^F^Jg||L?to EW^^tcm^fiJA^tx 10 mlCD 
^Mzmmk. 10 cm i^-l'-l/5t5f^ffll^ 5 mlltJf, 2 ml 2^^ 0.5 ml 2*!c(3 
G418(GIBC0-BRLM) 1200 //g/ml^^t?10 ml O MEM-FCS10%tgJtT-tg« 
*ff^^^ 2H^^CtS^tb3^g|L^A^^^ 14BF^Jg«Lx 3tfe?®$^^AttfflillR^ 

=S^ofco S^«{3<t t)^WbT^fcG418^3ii^^^4^^f«{i^ ^^a-->^';> 
^■^m\^X2 Sift^HiRUfeo ^^o->{ilO cm ri/- h-tn >7>>l/a:> h{i 

AxCANCre^^^^. ^ VSV-G ^ □—:>-;^m^*:$:ffl^^■C^ VSV-G 0|g31 SWT 
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btzo l^miim«±?t4al^)l^v^fem^ mmmm-cmb. 0.05% huri- 
0.02% Emi:i:.^uyi^TK>4mm)^^ts?immm 0.5 misrinx.^ 37 

vismmmzmm^^s 1,500 x gT-s^^r^ji-n^Us «^»4«)feo ^f ?>nfciBflSii 

$^{z2mlPBSi^®?«fc||«S^> l,500 x gX-b^mM't^^Mt^Ztlz^^ 

T-tSo mubtcmmitm ui ® mmmmi^ (ripa -^-u>;f3- 
v>y^>rA1±i!) izi:\)mmL. mmm(D±m^m m^-yMtzf!) ixiow 
)^m^^x^:^7.'^>ru^yh^n^rzom^&mmm^sDs-r^VT^'))\^TK k 

-i7';i/mm^*i&ffl-9->r;wN*'y7 7'- C6inM (pH6.8K 2% SDS. 

10% y'J-fen-;K 5% 2-^;i'*7'hx^y-;i/A^?,^(i5M?SD {3^^ 

h*'!f;i^ 10/20. ^-'fb^tt^) ^fflv^s «M*»iCj:f3^iib 

> ^m^tltzm&n^-^ ^ yu-j h^tl i ^UW-m (Immobilon-P 

TransferMembranes, Millipore ttil) tfeo fe^tix 10 0% - 
;Kc2 0#\ 7K(3-^P^^tfciE^M^Mfflbx ImA/cm^^WJSO^f^-^ 

^te¥Ji4b'J;tJfl 0%rO'y:ilr>^M^^tfPBS^«MT-l/l 0 0 0{3 
#iiFlLfctn; VSV-G JrCi*: (^n-> P4D4. S/^-^ttSS) 5 m 1 $:lf--;Wt«3/^ 
{;AnTi'-;i/L. 4'C-e^B^-a-^co 

^fe¥li^2ig4 0 ml CDPBS-0. l%Twe en2 0(c5:&P^g^Ux ?5t 
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o%yu^i;^>^mm^^tsPBsmmmri/2 soot; 

L tz - ^ ^ V - X' ntztfi-^ :^ I g G^Pf^ (anti- 

mouseimmunoglobulin, Amersham tt^) 5 m 1 ^ tf^— ^{cAtis 

mm.^s i^te¥l«*2SPBS-0. l%Tween2 0t35^F^^?«l/> 

(ECL Western blotting detection reagents, Amersham 1±i5!) {;<J:t) 

. tam-mi^ ^ 3^x©M n s ^te^M±os a i^m ^ fr ^ o ^ 0 3 

v-m^'kn^tz (iii3 4)o -^©M^s LLCG-LiT-(is vsv-G ^B^mm^Mm 
ztifimm^titzc 

B'f-emM^i^mzm^tzo ^(Dmm. Cre ^)ny\^±-M^^t5m^^x.T7' 
mmyLlt. VSV-G^g|#^3g^Hifc*fflllST"(i. i^l^6^tZGFP^3Sm®Ji;!jD5()S^ 

0±?tT-(ijtfe^^^A*5J;i>'GFP||3^iiBJ3a©iiiaA5|S«)e>n;^o Sj^x ^#a*0 
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±?i*vsv-G ^^^t3fcl^LLCG-LliilJ5Slc^^l^Lfcl^(I(i^ mB^mxit^tiz^h 

0(D. QY?^mmm(Dmmmitd^ntiit>^tzo i-;i±®igm*^6. vsv-g 
f^ii^mmz ^-()V7s i^mmt ^ztt^-Mh vsv-o t<D^>:L-Y^^ ^ 

VSV-G ^^^^-O^^mtO^^m-^m^^fz^. AxCANCre (MOI=0> 1. 

2 5. 2.5. 5. 10) -^^tL. -^m(D?mBil'^^^\^tz^^ I^^^t^i^ 

:x-Y^^y^yy^^^ 7BSA^^8Bg©±ji^iHiiRUx ^ 
e>{3vsv-G^^Hfi. mm'^comm^zm^^^s ^BU<om o^MLx^^^mmo 
m^itm Ltz t^^. Moi=o x\t^^ ji7.(Dm^ifi± < m^^hnts moi=io®ii 
\^xwL'h'^\^^hifit^iy^^fz (1213 5 )o ^tz. mm^z^ ^ )V7.m^m^m-^fz 

sBu^xm^i^mux^tz (03 6)o ^ H )\^7.i]m(ommt.. vsv-gh^bu® 
tzo ^(Dmm. mmo-(ji7,m^mit 5 x lo'* ciu/miT-$)ofeo 

VSV-G ^3S:»^ffl^^T#^nfcF ii^E?^^^ tfe^^ A^WTS^a- 

i'r-fe>y>('«j7>r;u;^As, 3^S^(3VSV-G ^yj^i^n^^t^t^izmbx. Jrivsv 

(*:^?g^t> ^iS-r 3 0 VSV-G ^&e?»|g3SLT^^'&V^LLCG-Ll iffillJgtZ 

m^b. 5B^0^^^mxm^Gf?^mmi^(D^mxm-<^tzo ^(omm. mvsv 
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<5> s^i-h*^^'r-fe>^'f F {K^m.^^ i.^mt^z.tcDmm 

4-iPlvsv-G3ie^fg3iM'r'ii5iltfe'i7^';p;^AJ y X^mtith^^h-^s « 

v>{^H)iy(.^^v^u-i-)imi^.^07.j:^mm^nrzm^>^^^m'E.f !7u 

<6> ^;i/^-?-m^fflv^fcFi3ct™ ste^^&^^Aj^bt'J^y A$:W■r^i>i- 
^ ^31i^fflil@LLCG-L 1 ^ it > VSV-G ^3^^(cWr5S^i-h*^^'7"'i7^;i.^® 

±i2^JI«»J(3i5lfe®GFPiifi?=&^tfF. HN^^S-fe><5^^ 

VSV-G ^3smiNfM6<J(3'^7^;i/:^*^ti5ii-rsc:i:OT,i*e>n. VSV-6 i: 

®i/a--K^^7'©F . HN^^^-b>y-f '>^;U;^®^Sg*^^«)e>nf:: (113 8 

)o ^ ^ )\^y^tim<om^\t. VSV-6 slllBu©iMl!S{-^ i o^-ro^i5gfl<jc#iRLfc 
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1 X 10" ClU/ml-efeofc 

o 

^^lUVSV-G ^Blrmmmm-cmmLtz'^P^ Fi3J;t>* HN {K^mX'&^Z 

)o 

[mmm 12] -i? ^ ©t^l* 

LLC-MK2 5xlO« cells/dish T-lOO mm ';illl(3»^> 24 ^r^Jg#^ 

^i|g (365nm) t 5 ^rMMLtz T7 RNA U ^ If ^^^^tS U n > lf:^-> 
h 7 ^ i/- r «i7-f (Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 
8122-8126 1986)(vTF7-3)(C^Sf 1 ^F^«^-lifc (ioi=2) (moi=2~3. $f 
MiZlt moi=2 3&sffll%^n^)o M^r^S^V^MEMJgflfeT' 2 ^m^Ltc 

r^;^^ KpSeV18VAF-GFP, pGEM/NP, pGEM/P, SWEM/L(Kato, A. etal., 
Genes cells 1, 569-579(1996)) ^^ti^fl IZjug, 4/ug, 2ug, RVF 4>ag/dish 
Oiife Opti-MEMtgJfe(GIBCO) fc^fflbx SuperFect transfection reagent (1 
//gDNA/5//l®SuperFect, QIA6EN)^An^ ^UX' IS^mWLW^s M^i^lZ 3% 
FBS^^tf Opti-MEMtgJfe 3 ml iZXtitz DNA-SuperFect ^I-^tl^mt-^iD tr 
ig«tfco Smmi^W^. M^^S^l^MEM^«fe-C 2 [sli^fc^Ux i> h 

i/>/?-D-T7ty K 40;ag/ml (AraC, Sigma) S^tfMEMmttT 70 

ig«t;tc ^ne)®«^±r»^lHliRts ^ti^ti P0-d3 ■lt>7';i.i: tfeo PO- 
d3 Opti-MEM^«fe{C«^SUfc (10' cells/ml)o m^MM^ 3 
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DtSUT lipofection reagent DOSPER (Boehringer mannheim) b (10' 
cells/25 //I DOSPER)^ST- 15 ^mMmbtzm. mM LLC-MK2/F7 h 
7 >;^7x^i^3>(10« cells/well 24-well-plate) L> Jfil^i*^*^V^MEM^fife 
(40>f/g/ml AraC, 7.5/zg/in h U ri/>$:^tf)T-^« tfco 3 Sg:feith* 

7 Bit-±^i*lH]itZU ^n^ti Pl-d3 :feJ:Uf Pl-d7-9->7';i'^ Lfeo 

Adg/ml ( AraC, Sigma) t h U7-S/> 7.5/ig/ml ^^tfMEMJ^Jte X' 48 ^F^^# 
tfcoJg«±?i^lX!3l^t>lfllf»^^S*l^ MEMJg«fe(40//g/ml AraC, 7.5/zg/m h 

';ri>>^^tf){cM^nfcioo mm um 1 f ^m. llc-mk2/f7 m 
mmmm 5 mi ^mmi^tzo mm^smm'^. zni^(Dms^t±m^muL. ^ti 

Jetl P0-d4 •\r>r)ltLrco P0-d4 h$r Opti-MEMJglft tC^^b (2x 

lo^ceiis/mi). immm^ 3 mmmbx ? mm llc-mk2/f7 mmmzmm{2 

xlCcells/well 24-well-plate)U> jfllvi$:^^^l>MEM^m(40//g/ml AraC, 7.5 
^n^tl Pl-dS 43«tUf Pl-d71t>r;!/ab/to J±^©fc«)> Mfi^&fflDfx 

<GFP|g31«flllS©* "^7 > h {3 J; SCIO®«iJ^(GFP-CIO)> 
LLC-MK2 2x10' cells/wellT-12well-plate{z^§, 24 ifil 

MEMl^fm 1 liliJt^tfc^x ±|3®-tf->r;KP0-d3$feiiP0-d4 
. Pl-d3 :feit5 Pl-d7)$rx IH4«BljS** lOcm^ ct5tCl0~100f@©F^OlS(C^ci) 
{Cjia:«L. 100>dzl/wellT'S^^ii-fco 15:^^ifil?i^^^^l> MEMlg«fe^ 1 
ml/well mttzo ^^iZ24 ^P^lg#^. ^Uasm^^aSaTT'S^Ux GFP^S 
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<CIU(Cell-Infected Unit)i|iJ^> 
LLC-MK2 «S 2x10=^ cells/dish T'12well -plate tc^t. 24 B#r^^g«^^ 

^^^-;&SeV/AF-GFPi:i^-r) ^ lOO/il/wellT'^^Ufco 15^^x Mm^'st 
MEMti&m$:lml/well SnXs ^ ^il24 t;^Co t^S^s PBS(-)-C 3 11] 

•feh>* Iml/well S^^Et>HI)i^)l^^^ BT>*lg<i^-^fe (mO^M5^^?g» 
tt)o PBS(-)T- 100 i^^^Lfz'y^^X*)mm^ritzme\t^V ^u-±)Vtn.i^ 
(DN-1)& 300/zl/weIl^I^^^37°C•r•45^P^'^>^^^-^Ufc^^PBS(-)T* 3 0 
?5fe?tL^ PBS(-)-^ 200 LfcUte^ltdi^IgGCH+Dm^^iS-i^mi* 
(AlexaTM568:Molecular Probestt^)^ 300/zl/well SPx.> 37°C-e45^^^ 

PBS(-)T* 3 dlj^trtUfc^s ^^||^!S^T(Emission:560nm , 
Absorption:645nm7 : *ttM)T'm^*^t-5«^^^ tfc (114 

0)o 

mtLX±$^-\)->y)i^ (SeV/AF-GFP) ^ 100;tzl/wellT'^^ bl5^^^ ifilri 
m^^^iiSS^T(EBiission:360nm , Absorption:470nm7 : ^ :^7tt 

jiJ&^^S^— T'^7-r;i^;^(vTF7-3)OPLWDV(Psoralen and Long-Wave OV Light )M 

LLC-MK2 aeia* SxlO^cells/dlsh flOO mm UMtCftt. 24 ^P^mil^ 
. Jfil«^^S*V^ MEM^flfe T- 1 li]?5fe?tUfe^. 0.3-3 ;ug/ml ©V7l/>^^ 
(365nm) T- 2-20 T7 RNA ^f^V ^^—^^%mt ^ V 

u > \f± > VU^^y=-T^^))/:^ (vTF7-3) (Fuerst, T.R. et al., 
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Proc.Natl. Acad. Sci. USA 83, 8122-8126(1986) ^ ST' 1 mmm^^-^fz 
(inoi=2) (moi=2~3^ ^MUt nioi=2 ^n5)o m^J^a^i^l:^*^cV^ MEM 
^Jfe-C 2 Isl^5t^^bfc^^ r^;^^ FpSeVlSVAF-GFP, pGEM/NP, pGEM/P, 
pGEM/L(Kato, A. et al., Genes cells 1, 569-579(1996)), ^^Mti I2ue, 4 
US, 2//g, St5 4/ig/dish ©SJtt* Opti-MEMJ^fife(GIBCO) ^3S5#t^ SuperFect 
transfection reagent {Ijug DNA/5//1 ©SuperFect, QIAGEN)$:A^^^ ^ST- 15 
tS-P^aa^x mmmz SXFBS^&^trOpti-MEMtg* 3 ml iZXtltz DNA-SuperFect 

M^m^mmizmmLx^mLtzo 3 mm^m^^. mm^. Mm^^ttai^^ mem 

t 2 mi9t^iy. S/ hi/>/?-D-T^tV7^y V K 40 yag/ml ( AraC, 
Sigma) i&^tf MEMJg«b T* 48 ^P^^#Lfeo 100 mm ^ h ';m®*>J 1/20 ^<D 

mm^m^^wmTx-mmL. GFP^3ssBia©*'i7> ^ tfco 7^s^-rc7^';i/;^ 

( VTF7-3 ) ® ^tS<b ® H « :r ^ - ^ ffM H ct 5 ^ ^ -® S!l^( ^ , 
tf^}\^7.m!^yuYzi—)V, p291-296, 1995)$:fTofco 

h7>:;^7x^s>'3>m®iliRl^MS*3B@{3^BU V7U>i:0V 
BS|t^r^©=t^i*«rffofco ^PLWUVM^ffofcy^f^-T't;^;!/;^ (vTF7-3) ^ 

) ^K^U S^kTCD^mxn^tzo 6well©V^^Dri/- h(C LLC-MK2W^ 
5x10* mm/veUX'Wi^. m^^mLtz'^ ClxlO" «/well{zJi5abTl^Sh 

{g^)s ?i\mmmm(D^-( ^-^mx 2xio«pfu/ioo/zi ttj^^hj^oizu^i^- 
T-t^-f ;i/;^(vTF7-3)^#f;b. pBSi5fe#^©iffliist3^^^-&fco mmomw^. 

50 /zl 0 0pti-MEMm(GIBCG)Hr7;^^ h% pGEM/NP, pGEM/P, ;Rt5pGEM/U -e 
UTftiPSSeV cDNA (pSeVlS* b(+)) (Hasan, M, K. et al., J. General Virology 
.78: 2813-2820, 1997) ^^tl^tl 1, 0.5, 1, 4/z g ^ ;t © IC ^ 
SuperFect(QIAGEN)$: lOyttl ^^ST-IS^SKS bfe^> 1 ml© 0pti-MEM(40 

jug/m\ © AraC ^^tf) ^m^. mmizmmvtzo Yyy7.y s.^i^By'^. 3 0 

n\zmu^uu\^. ioo>ui/weii©PBsic^Mtfco zommwi^i^^. 
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mt-Dm^Ltzo (ixios ixio\ ixio^" m^^n^nm)o 3 a^nw*^ 
e.^T^SIl]iRL Mmmzx^r^'<)i7.nm^(D^Mt:m^tzc 1x10= msrti 

mLfem§POo*>^ HA ^^ifi$>'^rzmm^-}^. 10' T-{±+;^> 10=' T-ligj^i; 

mmmi 2*5ctt;fi 3(DBm^m4 o~4 3s ;fc<fctjfa 21^^1-0 ji>^d- 



wo 00/70070 



PCT/JPOO/03195 



-66- 



e 



e 

K 

gas 

IS nn 
^5 



S A 

K ^ 

:^ H 

V ^ 

K 

V A 
>\ l^ 

A J- 



3 

IE. 


00 


CD 
f— J 


CO 




o 


CO 
^ 




CO 






CO 
CO 
i-H 




CO 




o 


CO 


=1 


o 


CO 


CO 




CO 


o 


CO 


CO 




CO 
CO 
»— 1 




CO 


C<1 


o 




o bO 


o 

CSJ 


. CO 


CO 


CO 


CO 


51 


o 


o 


o 


o 


o 




1 

n ^ 




Kal) 


10(a2) 


100(a3) 






o 

r- 1 


o 


CO 

o 


Reconsti- 
tution 
Score 



X 

I 



I 

1 

O 
u 



<LacZ jifi^^&^tf F SeV cDNA ®«^> 

HflSfiXJ 1 13«® pSeVlSVAF ®NP 3i€?±MJ^{C??S1-S Not I ^OBrSP^filz 
LacZ3tfe?$:i§«Lfe cDNA (pSeV(+18:LacZ)/AF) ^^iHI-^Jti?) PGR 
LacZ 3HE^®li*i^&ff o:to LacZ 6 (O^Wi (Hausmann, S et al., RNA 

2, 1033-1045 (1996)) \Zht>^. 5' Not! tUBfM^ft-^Ufc^^-f 

^- (5'-GCGCGGCCGCCGTACGGTGGCAACCATGTCGTTTACTTTGACCAA-3VBH^'JS^: 1 7 
)*. 3'*{I SeV0te¥llliii^^:^-;i/ (E). if^Un (I) *5<tt>*te¥^J&S/^:^ 
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;i/ ( S ) ^n-^ b . NotI tDifg|5<ii^ft#tfc7-7'fv- (5'- 
GCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCGTACGCTAnACTTCTGACACCAGACC 
AACTGGTA-3'/E?'J#^: 18)Sffll\ r'yXKY pCMV-/? {^u-yv-y^^t 
m) ^^Si:LTPCRS^&^:^fo/io SiS^Wi^ pCMV-y5 50ng. 200 //M(lNTP 
(7T;i/-x'i/T/W:t7"^aS^)x 100 pM y^-C^-s Vent >KU^^-Hf (-i 

94-0 30 50 1 72 "C 2 ^©SiSSStl-^ ^;i'25Illfff ^fco Sii&M 

NotI t'^Kt^ pSeV18+/AF Not I m^)^ ^ ^ - ^ > 
pSeV(+18:LacZ)/AF ^^#fco 

LLC-MK2 «^ 5x10' cells/dish T-lOO mm ^ h 24 
. MEM T- 1 Ill?JtitUfcm> 3 /ig/ml I^>i:fii^fi^^^ 

(365nm) f 5 ^WStfe T7 RNA U p< ^— lf^^3if€. V I3 >K-^-> h •7^ 
i/-TH7'f ;i/:^(vTF7-3) (Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 
8122-8126(1986)(::^fi-tr mP^.^^^-l^fc (moi=2) (moi=2~3^iff?it3{i moi=2 
*sffl^^?>nS)o IIBJ3a*Jfll?i*^^«:<'^ MEM t 2 ^m.WLfc^. LacZ if « F ^ 
^^•b>^'r •i^'T;!':^^^^- cDNA (pSeV (+18:LacZ)AF), pGEM/NP, pGEM/P, 
:RWEM/L(Kato, A. et al., Genes Cells 1, 569-579(1996)), t^n^n 12 
Hg, 4jue, 2/zg, 4/ig/dish i5 J;Ufx>^o-7'7*7;:^ ^ h* pGEM/FHN ^Ajll 
g/dishiD^^ Opti-MEM(GIBCO) (zSSSt> SuperFect transfection reagent (1 
/igDNA/5>al ©SuperFect, QIAGEN)^Anx MT' 15^P^S5lg^> Wt^^Z Z% 
FBSt-^tfOpti-MEM 3 ml iZXtitz DNA-SuperFect M-a^^BMCmwi^X^m: 

btzo 3 mm^m'^. mm^s m<£^*^cv^ mem t- 2 mmmv. i^hi^>/3 

-D-T^ty 7^y>>K 40 ug/ml (AraC, Sigma) t h V^i^y 7.5//g/ml 
tfMEMt- 24 ^F^m«L/io ^m±m^nSL^m^. MEMJ^«fe(40/z 
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g/ml AraC, 7.5/zg/m h ^) ri^y^'^ts) Izmm^titzm m ^h^JM 1 
<D ? LLC-MK2/F7 WS^S^ 5 ml ^filUfeo ^ ^l3lg«48^F^^x Cin 
^®mi:±M^iliRL. ^n^n P0-d3-tf >7";i'i: LAco P0-d3 
Opti-MEM^«J {3«i?St (2x10" ceUs/m\). MBBM^ 3 lHlJi!9MLT 
lipofection reagent DOSPER (Boehringer mannheiB)i:rI-^L(10* cells/25/zl 
DOSPER)^fiT- 15 ^mmWLtim. mm LLC-MK2/F7 hv>;^7x^ 
i/aXlO^ cells/well 24-well-plate) t^ l(a?i?£:^^ V^MEM^gm(40>ag/lBl 
AraC, 7.5//g/m h 'J ^v>$:^t?)T-ig«Ufco tgil^7 B i{3±^*llIiRb. 
?l-i7-^yr)ltbtco ^ ^{Z±if ^M^12-well-plate(C}tOfeF^S LLC- 

MK2/F7iii«{c zrcimmmm'^. mmm ^mr—m^^Ltzi^. mm^'^ 

^35:V^MEM^g%(40//g/ml AraC, 7.5msM h U 7'i/>S^tf)-r-^«b;to 
7 S@{3±?i^[llJRL^ P2-d71t>r;i/i: tfco ^ ^{3±?i^*^ 6-well-plate 
{cmv^fcF^^ LLC-MK2/F7 37»C 1 B#F^^^^. MEM^«fe tgflfe-C-lHl?5fe 
?ttfe^> Jlll?i<lr^^3&^V^MEMl§^tb(7.5/zg/m h 'J ri^>;&^tf )"r-lg« tfco :® 
«^7 Bit-^^^HlJRtx P3-d7-9->r;i'i:Lfco ^ ^(3±^i^a^lO cm plate 
{3Ji^^fcF^]l LLC-MK2/F7 37°C1^F^^^^. MEM^gttb igflfc-e-|Hli5t 
^Lfe^x Jlll^i$:^S;5:^^MEM^^fe(40;t^g/IIll AraC, 7.5;Ug/m h 'J T-i-V&^tf ) 

KldicmMmfl^Oti > b (I ct ?.CIU®^J^(LacZ-CIU)> 

LLC-MK2 2.5x10" cells/well-e6 well-plate(Z^§> 24 I^F^1^«^^ 

Jfil?i*^*'&V> MEMJ^Jfe T- 1 il?5fe?ttfe^x P3-d7®l/10#|liI^^iJ*MEMJgJfef 

f^sjbx zrcimmmm'^s mmm-a-mm^i.. moit5imt:ttsm.mm 1.5 
^^•rn©«^T'* P3-d7■t^>7•;^{Ii5l^•r ixio«ciu/mi ®";?>r 
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mm 

<SeV'!7'y AcDNA®^^> 

(SeV) ±:R'!rV AcDNA^ pSeV(+) (Kato, A. et al., Genes 
to Cells 1: 569-579, 1996)®cDNA(Iiffe'5; Not I h ^§^ie?®:^<5'- 
^ S/^^^;L'i:ATGjiiRil$^v^i->'U©Fa1tl«A Lfco mx:^^t LTIiff. 114 
5(A)®cta{3pSeV(+)$r5p7i I/5ai IT'i^^b bfc»r>^- (2645bp). Cla ll^mitLtz 
»fM- (3246bp). SrFCia I/feo RIT-i^^b tfeBrM* (5146bp) ^-?il^n7:tfD- 
xmmMT-^^^ i^^-r ?)/'f> h'^tOtiaib^ QIAEXII Oel Extraction Syste 
m (QIAGEN1±S) T-HUiR • Si^bfco Sph l/Sal IT-?^<b tfcir>tliLITMUS38 (NE 
W ENGLAND BIOLABSM)^ Cia It-Y^ft LfcBfM-ilCia I/fco RI-eM b^c®rM-tt 
pBluescriptll KS+ (STRATAGENEtt^) IZ'y^f^-i^ayi^. ■b-r^D-ri>^^ 
tfco i^l^t^ot H^-'f h®^At;liQuickchange Site-Directed Mutagenesis k 
it ( STRATAGENEttS) ^m-otzo -en•?n©*A^CfflV^fc7■^^ v-^iNP-P^t• 
^i-fe>;^^ : 5'-ccaccgaccacacccagcggccgcgacagccacggcttcgg-3' (E^JS-^ : 1 
9)^ T>5^-fe>;^M : 5'-ccgaagccgtggctgtcgcggccgctgggtgtggtcggtgg-3' (E 
?'J#-^: 2 0)> P-M^T-{i-fe>:^^ : 5'-gaaatttcacctaagcggccgcaatggcagatatc 
tatag-3' (IB^JS-^ : 2 1 )^ T>5=-tr>;^^ : 5'-ctatagatatctgccattgcggccgc 
ttaggtgaaatttc-3' (BH?iJ#-^ : 2 2 ). }i-Ym-^it-t>7.m : 5' -gggataaagtccct 
tgcggccgcttggttgcaaaactctcccc-3' (S2^JS-^ : 2 3)^ TV^^-b^;^^ : 5'-gg 
ggagagttttgcaaccaagcggccgcaagggactttatccc-3' (E^J#-^ : 2 4)> F-HN^t(i 
-b > : 5' -ggtcgcgcggtactttagcggccgcctcaaacaagcacagatcatgg-3' (IH^iJS-^ 
: 2 5). T>^-b>X^ : 5'-ccatgatctgtgcttgtttgaggcggccgctaaagtaccgcgcg 
acc-3' (iB^JS-^: 2 6)> HN-LF^-Cli-fe>;^^ : 5'-cctgcccatccatgacctagcggc 
cgcttcccattcaccctggg-3' (BE^!J#^ : 2 7 ). 7'>5^-b>:^|g : 5' -cccagggtgaa 
tgggaagcggccgctaggtcatggatgggcagg-3' (lE^liS-t : 2 8) ^-^ti^ti-a^L. 
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l/Eco fiIifM-^-etL^n±i3T-it7'^D-ji>^L;^c*)®^ffll^TQuickchange 
Site-DirectedMutagenesiskitcrn «A;S:^fofco mXLtz% 

t;NotI$r^Abfc5«^ (pSeV(+)NPP> pSeV(+)PM. pSeV(+)MF. pSeV(+)FHNi5J:t>* 
pSeV(+)HNl) ©-bV^-f AcDNASS?|IUfeo 

7^-- b* (SEA?) 4PCRT-9-7'^n-::i>^bfc:o 7"^ ^' T-{I{ii4sc I ^JUi^^ 
it'f h SiftSn Lfe5' 7*^ T— : 5* -gcggcgcgccatgctgctgctgctgctgctgctgggcc 
tg-3' (E^iJS^ : 2 9)^ 3' 7*7-1' V— : 5'-gcggcgcgcccttatcatgtctgctcgaagc 
ggccggccg-3' (E?'J#-t: 3 0) '&^figb^ PCR^frofco USttipSEAP-Basic 
(CLONTECHttS^)^ mmz.\lLPtu tourbo DNA4^U^^— If (STRATAGENEtti!!) 
V^feo PCR^> Mtl*ylsc IT♦^^bt^ mMricifttz J: I5)^M • HIiRbfco -^-T^^n 
-^yft^^'yy.K LTpBluescriptll KS+®^ot I-tf^ h D- 
->i^-9--Y h (fte I-^sc I) >LVkWy^i-)\^-'k^Un-mi^'y^±)\^'^ts 
-^fig-^ic^DNA [•lr>^^ : 5' -gcggccgcgtttaaacggcgcgccatttaaatccgtagtaagaa 
aaacttagggtgaaagttcatcgcggccgc-3* (E?'J#-^ : 3 1 )^ 7>5^-b >:^IS : 5' -g 
cggccgcgatgaactttcaccctaagtttttcttactacggatttaaatggcgcgccgtttaaacgcggccg 
c-3' (IB^JS^: 3 2)] ^m.h•^Lh1t^(0•^\'^'^\.fz (134 6 )o CIOT*^;^^ 
K®^sc I-f-^ btzM • [l]lRLfePCRMtl^v^'5^-^>3>b> >7U--y';\^ 

fHiO-fei/^-f '^'f AcDNAi:pSeV18+®Arot ID-^ Vlz^Mix^^^- 

i^3>LM^^3i^^o ^tL^n©>>^;i':x-<^^-=&pSeV(+)NPP/SEAP> pSeV(+) 
PM/SEAPs pSeV(+)MF/SEAP. pSeV(+)FHN/SEAP. pSeV(+)HNL/SEAPi5J;t;^pSeV18(+) 
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/SEAPi:bfeo 

LLC-MK2iiIlia^2xlO'' cells/dish T'lOOmi^-f-m^^. 24^P^^tg«^^ 

(PLWUV-VacT?) (Fuerst, T.R. et al., Proc. Natl. Acad. Sci, DSA 83: 
8122-8126,1986. Kato, A. etal., Genes Cells 1: 569-579, 1996) (l$?gfmoi=2 

tumrm^^-^tzo M^^5t?f^t•cA^^sEAP&m^^jli^:^c#-^r>^^■^7^>'^^ 

cDNA. pGEM/NP. pGEM/Ps 4i5ct t>*pGEM/Lt: ^tl^tllZjug. 4 jug. 2jug. Rm/ugMish 
©Sit-eOptiMEM (GIBOCOBRiaS) Ii^jSL. UO/zl OSuperFect transfection 
reagent (QIAGENttii) ^Xtixm^b. ^iST" 15^5^8^. Sl^fl^{c3%FBS^ 
^tfOptiMEMSml^ftn^. Mf^^ilD tT3-'5^F^^II tfeo Jg«^s aUS^lfil^l 
:&^^^C^^MEMT•2(l]^5t?tb^ h :^>/5-D-T^ l^y 7^ ^ i^- h* (AraC) ^^tfMEM 

tizmm^^Ltco zti^omm^E^L. ^i^-v h&imi©PBs-e^®L. mm 
mm^3mm^Mbtzo zn^^ioBmrnm^-^tzmmizmummL. 35'ct?3 

c:n^iIiRbfe^?g^^?.{3io-*~lo-' {c#IRLTIi§|3{cSSfflLx iBlSIHiliR 
bs:9-?iLT-80«C{3X h ^ Lfco-^n-^no-^?^ ^-S^SeVNPP/SEAP 
. SeVPM/SEAP. SeVMF/SEAP. SeVFHN/SEAP. SeVHNL/SEAP43J:tJ^SeV18/SEAPi:-r5 

)c 

CV-im*6well 7*l/-M3lwell&fe!55xlO'^cellsfoKt, zmm^^L 
fzo PBStJtrt^. BSA/PBS (1% BSA in PBS) t?10^ 10-\ lO'K \0\ 10"^ 
LtzmmtSemimm^ >^a.^-i^3>bfc^. PBS-t^Jt^. BSA/MEM/T:<Jp- 
7. (0.2% BSA+2xMEMi:^M02%T:tfP-:^;fe?i^bfc*©) Swellfefe »33il1* 
ofigt. 6Br^37°a O.SXrmMLfzo ^H^. 3ml©a:^y-;b/m (x^ 
y-;!/ : »^=1:5) ^in;i. 3^P^ffi[St. T*"D-;^^:^^foiCf^^tfco PBST- 
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j.^-i/3>bf::o PBS-2?HIiI^?^^. 200fg#fi! L/rAlexa Flour™ mW?^^ 
>i7-9-:5rlg(G+H) (Molecular Probett) SSnX-Tg^ST-lB^PH^O^a-^- v a > L 
feo PBST-=Ii]t5tH»^> ;i/^y-f ^-vT:^7'l'if-LAS1000 (M±7'f;i/A) T- 





(pfu/ml) 


SeV18/SEAP 


3.9X10a 


SeVNPP/SEAP 


4.7X10» 


SeVPM/SEAP 


3.8X109 


SeVMF/SEAP 


1.5X1010 


SeVFHN/SEAP 


7.0X109 


SeVHNLySEAP 


7.1X109 



LLC-MK2m^6well ri/- Mclwellfe^c l~5x 10^ cells-foK^. 
^« t fc^x # ^' ^^5^ ^ - $:moi=2^^ ^ -ti-. 24^F^^tg«±?f ^S: m/i 1 Inl 
JRb> SEAPr^y-fe^SfTofeo T>;/-b-ri±Reporter Assay Kit -SEAP- 

■efTt\ y ^p«-i^':7:>-^'r-tf— LASiooo (H±:7^;pa) T-ffl^UTto 
iii{iSevi8+/sEAP®fii^ioo^ LT-?n^n*i^ffii: LTaufeo 04 
8 ^ L l^ -rtL® ffiBi;: sEAPjte^ -^mx b feJi^T- zm^i&i^^m ^ntz 
o sEAPTS^4ttyyA©T^s(3^^g-r^t3^^o•tT*^^?^ i-'5Jt)t)^3i**s-fris^ 

X^^^Zti^tDifi^fzo tfc. NPiife^iiPiife^CDr^tcSEAPjie^SJfAUfci® 
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m^m\'^x\>^^sey'tP^ }\^7.<Dnmmm-^it. t7rna^up<7— if^fgast^ia 

^tir\>^^ (Lamb and Kolakof sky, 1996, Fields virology, pll89)o -^tiSftFHN 
SJlf5Ci:^^i*f?>c:i:(-J:t) FHN^^^ <J^±L 

tZo 

10cm|fflJia^#M{clOO%3 >7 U > hiZfji-DtzlLC-mzmi^ (IxlOVdish)^: 
PLWUV-MS^^ i^-T^moi=2T•^^a{343^^T^^ 1 ^^^^ d2EGFP§JS«-r5 
FHNr^i^^cDNA (pSeV18VAFHN-d2GFP (^ii«?iJ8) , pGEM/NP, pGEM/P, pGEM/L, 
pGEM/FHN^-eii-?'nx 12>ag/10cm dish, 4Ag/10cm dish, 2Aig/lGcm dish, 4/1 
g/lOcm dish, 4/rg/lOciB dish^SJtTS^t (final vol, 3ml/10cm dish). M 
B^mXUm Supe^Fect(QIAGEN)^fflV^T^ m^LtzF ^K^O ^ )]/^(Dnmmt 

«iT*3[5|?5fe^L. <£3iii^i:>(1000rpin/2min)tf!l*snfem^lHliRbs '>hi>>i5 
-d'7y\^jy^y-> K (AraC)40/^g/iDl, SIGMA), h U r^>(7.5//g/iDl, GIBCO) 
$:^tr(DM?iMEMtg«b(Z^S t.ifflflaClJDx..-%J^« U;to)5'Jii(-ffiS LfclOcm 
S/-\'-UT-100%3>7^> hfz^c-5fcFHNJ^^3iifflllS&rx^ «i7>f ;i/:;^AxCANCre 
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t:mi=iox'm^mmm. mm. mm. smm. 2Bg> sBgc^fflfls^^n-ensmi 

PBS(-)T— IlI^5t^tt^ cell dissociation solution (SIGMA)lZ J; »)ii!IS$|HJAs t 
>iS3iii'i:,»(1000rpin/2niin)-eM$«to.AraC(40//g/ml, SIGMA). hUri>>(7.5 
//g/ml, GIBC0)=£#tf®liJfll«MEMM(3MU> m^iK^O )i:^<DnmmL 
tzmm (PO) {33!jDt-B^6ig«bfco m«^^2BgT*^^^«Si|-^i9Blia*i&^ 

L> 10^lfflllS/Dil®0pti-MEMtgJtfe (Gibcol)l3!i?gb> SIUJ^^Mbfc^ ^ -b- h 

^mmL. mmmmi^xza'^oYm^^^Mmmzio' ceiis/ioo>ai/weii^ifet. 

AraC (40//g/ml, SIGMA), h U 7-i^> (7.5Atg/Bl, GIBCO) ;&^$f®»llfll7iMEMJg 
3rC 5%C02'r >^i^-^-T-2BP^^«L}tPimJ$«±?f®'i7-f;i/X 
:^ffi<&CIU-GFP-?:SiJ^Lfc (S4)o "EO^m. ¥m^Mmm'^4mmx\t^-( )VX 



^4 ^7';i/^^AF-HNi9Bll§fiSS{iJ:5^^SeVlite 



GFP -CIU 


xloVnl 


FHNcell+ad/cre 


FHN cell- 


4h 6h 8h 2d 3d 


8-10 


6-9 80-100 70-100 60-100 20-50 
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* ® ^ > / ^ M ii 1^ tb ^ n -5 ffi ® J ^ > ^ ^ ^ g i i tfe m ^ n ^j: ^ d ^ 

VSV-G^^l^ S ffl I ^ T l§ ^ n feFiJ ct OTit^E^S U ^ A S W -r S S> i 
VSV-G) (ix Jn;VSVJi;i*:-e^^S©^±^d:«I$'J*^^to^tlfeAS. **©^IS^$:^-r 

F.HN) t?ii}ip$ijA«^i*e)n*c**ofc (ss Do c© 
^-(y-t^v-f ^ ^ )i7.(Dmm^^BMit^)^^m^^tzmm. 

^iDiS^ff o fco20~60%© y V Px-yh^WM^-^tzi^s l^^m^ ^>()V7.Wl 
^&±l^-&> SW41D— ^- (Beckman) ■e29000rpm^ 15~16^P^®ii'C>^fTofco 

fco ^H:^{30V^T> FJifi^fei)^^(iF:fcctUfHN5i^5^=^$:^^Ufcy^ A^^b 
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^'i'r©-b>^-i' '>'f;i/yi T- i:*^5t^^tL fco -Is. F*3j:t>*HN^^^®^> 
7'42>y^ .i7^;i/;^-t'li, -fev^^- 'i7>f ;u:^**(D^>/'^^K> VSV- 

^ n^fe*^ ofe3i:*>^.F:fect xfmiK^mcD a. - k ^ -y -b ;i/;^t- 

(ii5 2)o 

[|IJfi^J2 0] F5aiE?i:F43J;l>'HNiie^^:>J^Lfc'^V^4*1-i»i^a-h* 

^mm^mmbtzo ^om^. m^^^^^i^tz^^ ^i^t%^^ (sev/ 

AF. 43J:t>*VSV-GT-i/i-K^bLfc SeV/AF(VSV-G)) i-a- h*^^ 7'-b>^''f 0 

^t^*5^#Tv^^o*^«$n:feo-^> F*3J;t>*HN7ie^^:5s:^Lfc^^ A^^t 
H^-r 7'-fe>^''f -j?^;!/;^ (SeV/AF-HN(VSV-G)) T-Ji^ ^^m±tM 
«{i±<je^TV^;5^v^z:^ASB^^A^^:'5c^fe (05 3)o 

[mMm2 1] Fiee?'&^^bfe^yA$;&-rsvsv-G^a-K^>f y-b>^ 

^ 3 b g®^i3BllS{3^^ UfcGFP«<£Flow 

cy tome tory ^ffll^TiiJ^tfcoFjte^^&^^Urc'^VA^^t^i-^^-h'^^:?- 
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WHRA-eo^^^a^ii. iic-mzmmtiSitA. ifmrnit-fsiifi^tztK mm^(D 

JurkatmT"{i>u> hP--'L'i:i:b^bt: afgM^FiifE^ t:^^ tfc^^V AS: 
5 4)o 

<NGF/SeV/AF®S«lfi£> 
NGF/SeV/AF®Wmi*±IB >^ o -rr^ ;^ ^ K + F ^^iillgm^^j (3 

<NGF/SeV/AF® "i? ^ >y ^ AiiE(RT-PCR)> 

NGF/SeV/AF>^7^;i^X>:/y A (US 5±) ^mmt^tzlsb. LLC-MK2/F7m**^ 
m'^^tifzm^±m^Mit^Ltc^. QIAamp Viral RNA mini kit (QIAGEN) T-e® 
rn hzi-;Hlt^orRNAttai*ffof::o ^©RNA^SUPERSCRIPT™ ONE-STEP™ RT- 
PCR SYSTEM (GIBCO BRL) {3 J: »3RT-PCR©7">n/- h^fi£43<tt)^PCR=£:fi' ofco 
mnmSeV cDNA (pSeVlS* b(+)) (Hasan, M. K. et al., J. General 

Virology 78: 2813-2820, 1997) ^fflVNfeo PCRr^^' v-liNGF-N^NGF-C&ffl 
V^t^fofco NGF-N{3■^^^T{i^ 7:f7-K : ACTTGCGGCCGCCAAAGTTCAGTAATGTCCA 
TGTTGTTCTACACTCTG (iS^iJ#^ : 3 3 ). NGF-CHoi^T(i. U^^*-^ : ATCCGCGGC 
C6CGATGAACTnCACCCTAAGTTnTCnACTACGGTCAGCCTCTTCTTGTAGCCTTCCTGC(gB^iJ#^ 

: 3 4) ^mmVtzo ^©l^Hx NGF-N^NGF-Ci:^r-7-f V-^3ffl^^3t:^^{i^ R 

T^^^TT-NGF/SeV/AFIiNGF(z1$P6^J5&^^•> K A^t^al^n;^co^M^$^3^i/^•> Kli 

tttii^n'&d^ofe (0 5 5T)o 
[mmm2 3] .NGFSfe^^&fgtgbfeF^^SSeVoaiiajgS^^lI^iK-rSNGFS 

e®^fi^ in vitrorSttiiiJ^ 
i5^St>'NGFSfi0^3il±. iSglOcniafeV^(iifi^6ciii7*l/- h {ZjJii'conf luent 
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iZ mM ^ -B- feLLC-MK2/F§g l^ (iLLC-HK2iffl!a 5& ffl V^ "T ^T o o NGF/SeV/ A F, 
NGF/SeV/AF-GFP{iLLCMK2/F IfflHaiZ, NGF/SeVSt>* GFP/SeVI±LLC-MK2iBlia{3 
m.o.i. 7.5/ig/iL©Trypsin (GIBCO) 4^^^Jfil?l$:^^^cl^MEM 

^fr-^fco ^mmmm. ¥iR.^m5ey (ngf/sbv/af, ngf/sbv/af-gf?) (055 

#M) ^LLC-MK2/FiBIIS{3^^^-a-t:u-5*^ iS m.o.i. (fi»J;i«l^l^tt3) ^ri® 

NGFSa0^S(iELISA KifefeSNGF Emax Immuno Assay System (Promega) 

mmLtzo yn Vo-jlimUlnm^mmzU^rzo NGF/SeV/AF, NGF/SbV/A 
?-G¥?RmG¥/SeV(Dmmmi&i^m±m^iZit^Mtl 32.4>ug/inL, 37.4>czg/mL 
SIF 10.5//gM®NGFMa®#SAsj||f.$tL3^Co NGF/SeV/AF, NGF/SeV/AF-GFP 
® ^^i3Bgt^«±?i {3 ii. lS«ig©NGFg e tN6F/SeV©^^*fflflS^«± 
?ifti(DNGFiiaMi:|HiaiST-$) •)> F:)^^SSeVtZctoT^fe)+^a©NGF®^^A5fe 

mmm^WLi^m^X'(D^^mW^^^i^Blzn-:>tz (Nerve Growth Factors 
(Wiley, New York), pp.95-109 (1989))o J1^^10SSfe©-y h UJEcttJ^ffiW^ 
gi5!&Sl 0 m L> 0.25% Trypsin (GIBCO) X'3TC ZOMM'i^^Wi tfeo 100 units/mL 
©penicillin (Gibco), lOOunits/mL® streptomycin (Gibco), 250ng/mL® 
amphotericin B (Gibco), 20 ;u M © 2-deoxyuridine (Nakarai), 20>aM©5- 
fluorodeoxyuridine (Nakarai), 2mM L-glutamine (Sigma)St;^5%©jfil^^^tfii 
^♦;i,:3_;^0D-MEM^Jte^l^ffl Usge-welirb- h tlwell^;^ t)i^5000f@©« 
m&X^m^mtthbtzoy\y- htipolylysinn- b L:t96-well7'l/- h (Iwaki) 
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:&M(3laminin (Sigma) t-^J- h Ltipii b;feo tmmP^mzziy V u-)l-^& 
■C-ifflllS^ISI^t'-S^^tt-N Alamerblue (CosmoBio) 4^iDL5. KUTtzj; 
m^n-otzo n>hD-;i/ (NGFMMU) RmeV/Hmm-m (GPP/SeV) (Dm 

^mis«±«®M (i/iooo#rs) T-iii5i*iS®^«^^tm^^gT'feo 

NGF/SeV/AF, NGF/SeV/AF-GFPSi;fNGF/SeV©^^^ilSm«±^f S^iP ( 
l/1000#f;) ■rs^i:{3J:^)^ ^l=:fem^^Jg®±#A*Ee.n^WI![*s^ < 4 

#i^i}^^s^4^*b■rv^si:^M^nfe ([15 6)0 ^LT. ^©fflimisAizjLf) 

lZi,m^^ti. NGF/SeV/AF, NGF/SeV/AF-6FPS0^NGF/SeV©^^ifflBSl§#±?»* 

»-r-i)C:^{3ctf). ^mmmcDmrnmrntfimmmti^mm^titz c^s?) 

o fiPt>> NGFif«F^^SSeV©iJ^{;J;^T^31^nSNGF(irSI4Mi:Lr^^L 
X\^^^tBm^titzo 

[mmm 2 4 ] f^mm^cDmm^jimiiff 

1) Adeno-CreOmoii:^?i^^ 

S'S; 5Adeno-Cre©moi ^<sg o TLLC-MK2/F{I^^^ -^FS 6 ©^31$:^^ b 

moi=l©Ji^(3j:b^iDoi=10©il^#g?l**5^TlSA^ofc^ (0 5 8)^ 
, 12h. 24h. 48h^(D^MA^m^tztZ^. V^1'tL^)B«^48^P^g tCF^S© 

^tz. moi=K 3. 10. 30. mx'mmzm^vxmmmmmt^mmmzmm 
itmmmmi^t^^^^tirz (@5 9)o 

2) mftIS 

LLC-MK2/FH M b T Adeno-Cre^ o T FM S ©^3^5: gl« b T *^ 6 7f^ ^ tllfeft b 
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. 3.7X®Formalin-PBSr-5:9-r^H^Lfco ^(D^. ?BSxmi^^-mm^Ltz'^s 
0. 1% Triton Xm-?iSXb^rmm LX. mm & ^ ^ ^ □ :^->'l'tn;<*( 7 -236 ) ( 100 

i^^m tmm^ih^^'t7-^^igGtjim2oo^)(Dmxmm^mm lx. mmz 
?isxmw vx\y -v'-mmm^ ^r^xmmbtzo 

iomm. m^^xmi^Lrzmm<DmB(DmmMLizm\tuii^^tz m^o) 
o Bmmizi>. ^[.xseV(Dm^\tt^mmz'bmmti:mifimm^tirj:iy>'otzo - 
:^.20iXE ^xmiXLtzmm^^&ifii^^xmmp^(DYm&<DWU^u^m^tz t 
z-h. ibi^nxi^^tii^ifitj^ip^rzt^. ^tn^x±mi^Ltzmm^^iz¥m&(Dm^it 
mwmm^titz me Do 

[mMm2 5] GFP-CIUi:lJiSeV-CIUi:®ffiKM^ 

2a!i®^?£l3ct5CIU (Cell-Infected Unit) (Dm^f^^^^mm%^m^tz 
o LLC-MK2IBIBa^2xlO= cells/disht:12well-plate{zK§. Zmmi^W^. i&ri 
^^^m^mm^xmrkf^htz'^. SeV/AF-GFP^10D>al/wellt?ii^Lfco 15 

PBS(-)-e3Ill?5fe?tUfc^. |fflJ!g^fg*i^it(l^lO^-15^^MB)> Mi^tim^t 
Ztzib. 7-bh>&l ml/welliDx.iit.{w^t)|^^s Wt>'^^i^itfe(^10:^~15 

^^umm)oVBSi-)xmi§^^Ltz't7V-^^^)mm^titzifi^v7r^^)^n-±)v 

tn;i*(DN-l)^300//l/wellinx^ 37°CT-45^P^^ h bfc^. PBS(-)T'3 

iei^?#Ls ?m-)x20Qi§^^Lrzm^^^isG{m)miftmm-)ktfii^ (Aiex™ 
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568: Molecular Probestt^)^300>al/welli!lPx.> ZlVC^b^m^ >=^ri^- h U 
tzo Pm-K-mm^LtzWi. m^mMmr (Emission: 560nm, Absorption: 645nm 

nmtLX SeV/AF-GFP *100/zl/well-C^^ tl5^^^ jtoff ^^S^CInMEM 

1 mi/weiUD^. ^ ^izzAmmmm'^. i^x^cDmif^n-h-nzmm^m^mn 

my (Emission: 360nm, Absorption: 470nm7^ ;i/^-:^^ T-GFPIg^ 
6 2)0 

[IIJIi^J2 6] v;i/^^'0-->y-9-^' h®^'^^ 

1) -fe>^'^ •i7'f (SeV) ±:R>5''y AcDNAx pSeVlS* ©cDNA®^ ^ A pfJ®V^ < 

2) ■r-^{zii^Lfcsev^^^-cDNA(c-x';i/f-^D-->y-9-'f hmntmwmti^ 

1) ©H^s mXIsmtLXlt^t. pSeVlS* $:Eag IT-?i{b bfcifK- (2644bp 
). CUir-m^tLtzm)^ (3246bp). ClaI/EcoRI-e?^<bbfcirK- (5146bp). RXJF 

Eco Ri-cMLfc^>i- (5oiobp) ti-eix-enT:*? o-x«M«T-^gis m^t 

KS^JDmUx QIAEXII Gel Extraction System (QIAGENttM) T-la]lR • m 
Mtfco Eag IT'?^<bUfe»f>^-|iLITMUS38 (NEW ENGLAND BIOLABSttS)^ Cla IT- 

mitbtzm^^. clai/Eco n-cmiti^tzm^. ^mco iixmitLtzmi^^it 

pBluescriptIIKS+ (STRATAGENEttSi) lZ^^^-i^3>L. I^-:?^^ P-->^b 
tzo m\'^rf^\mmmV-^ hCD^mm. ^AtlliQulckchange Site-Directed 
Mutagenesis kit (STRATAGENE^ti^) ^is^ofeo 
mWimmV--( hommizm&l I: i-^>7.m) S'-ggagaagtctcaacaccgtccaccc 



wo 00/70070 



PCT/JPOO/03195 



-82- 

aagataatcgatcag-3' (E?U#^ : 3 5). (T>5"-b >;^fl) 5' -ctgatcgattatctt 
gggtggacggtgttgagacttctcc-3' (iB^!J#^ : 3 6 Nhe I: (-b>;^i|) 5'-gtat 
atgtgttcagttgagcttgctgtcggtctaaggc-3' (Mnm^ : 3 7). {T>^-t>7.m) 
5' -gccttagaccgacagcaagctcaactgaacacatatac-3' (iE9!J#-^ : 3 8 ). Xho I : ( 
-tr>;^li) 5'-caatgaactctctagagaggctggagtcactaaagagttacctgg-3' (i2?"J#-t : 
39 )^ (T>^-b>y^^) 5'-ccaggtaactctttagtgactccagcctctctagagagttcattg 

-3' (gE?>j#^ : 4 0). ^rzmmmmmxizm-?m {^>:^m) s'-gtgaaagt 

tcatccaccgatcggctcactcgaggccacacccaaccccaccg-3' (@E?iJ#-t : 4 1). (TV^ 
-fe >X^) 5' -cggtggggttgggtgtggcctcgagtgagccgatcggtggatgaactttcac-3' (IB 
?"J#^ : 4 2)> P-MF^ :i-\z>7>m) 5' -cttagggtgaaagaaatttcagctagcacggcgcaa 
tggcagatatc-3' : 4 3 ). (T>5=-b>;^^) 5' -gatatctgccattgcgccg 

tgctagctgaaatttctttcaccctaag-3' (@E?iJ#^ : 4 4). M-FP^ : (-b>;^fl) 5'-c 
ttagggataaagtcccttgtgcgcgcttggttgcaaaactctcccc-3' (SE?>JS-^: 4 5). (T> 
^-fe>;^ll) 5'-ggggagagttttgcaaccaagcgcgcacaagggactttatccctaag-3' (iH^J# 
: 4 6). F-HN^ : {-tyxm) 5' -ggtcgcgcggtactttagtcgacacctcaaacaagcaca 
gatcatgg-3' imn^^: 4 7). {T>^-t>7.m) 5' -ccatgatctgtgcttgtttgag 
gtgtcgactaaagtaccgcgcgacc-3' (gByiJ#^ : 4 8)s HN-L^ : i-k^xm) 5'-ccc 
agggtgaatgggaagggccggccaggtcatggatgggcaggagtcc-3' : 4 9). (T> 

^•b >;^^) 5' -ggactcctgcccatccatgacctggccggcccttcccattcaccctggg-3' (ie^U 

2) (-fe>;^^) 5'-ggccgcttaattaacggtttaaacgcgcgccaacagtgttgataa 

gaaaaacttagggtgaaagttcatcac-3' (gH^J#-^ : 5 1). (T>^-t>xm) 5'-ggc 
cgtgatgaactttcaccctaagtttttcttatcaacactgttggcgcgcgtttaaaccgttaattaagc-3' 

mnm^: 52) ^^^Ls ^n^ti^^mu^^) >mitu 85°c 2^. es 

•C 15^. 37»C 15^. ^fi 15^'(!T=.-V>'^^-^. SeV cDNA^Hfl^^jitfo feS 
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-83- 

v>(ipUCl8Sfc(ipBluescriptII^®v;i/f^^D-->^1?-'r h^f^^->i^i-)^- 
V cDNA^JIe^iiitfo T'^fecDNAT-®'i7'('>'l'^#fll)t(i±iB®jil9tTrOo 

if L V ^^"^ > ^ D — ^ ^ - >' ^ to"^ fit^"^ ^ * ® * 
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-84- 

s :fecfct>* (b) m (-) m~:^mmt^$^t^^>^^^m. t^^tji^m^i^^^ 

2. (-) m-:^mmtw^>^^^m. ?^y^^^n. iixni^>^^^m^m 

3. (-) m-^mMki^^%MLm^J^oizikM^nrz:^y^U'-y'^y/'ii7 

5. (-) ^-*mAAs-fe>^''f -i^^^i/j^tcs^-rss ^^jgi A^e)4©v^■r 

^©^BM^^&ii- h-1-5^^^-DNA^^:ii>^n-7*^>^^^H^^3St5^{ia 

9 . m^m 1 6 ®^^■rn>fp^IM©'^^ ^-©s?i7^s■e*•p■r^ 



WOOQ/70070 
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-85- 

10. xa (b) iz^i-^?>mm(oi^mifi. j^>^u-r^y^^^n^%mt^ 

11. Xg (b) t:fc{tSm0tg«{Zi5V^T. MJia(3. :n>-CD-r^> 

)m-^mMki?io^mLti:K^^oiz^^:^ntz:^y^u-r^>^^^n(D'ptj:< 



wo 00/70070 



PCT/JP00/0319S 



1/6 2 



mi 



6' 



o v9 



^^^^^^^^^^^^^^ 




65k 



wo 00/70070 PCT/JPOO/03195 

2/6 2 




;ELIIC LOG 



wo 00/70070 



PCT/JPOO/03195 



3/6 2 




: SeV virions 

: LLCMK2 

: LLC/F7-tr\'Psin 

: LLC/F7+tr\'psin 



wo 00/70070 



PCT/JPOO/03195 



4/6 2 



pCAG/l-LN pCAG/HK 




wo 00/70070 



PCT/JPOO/0319S 



5/6 2 



05 



anti-F 



anti-T7 




1 23 4 56789 10 

1 LLCMK2 

2 LLCMK2/F+ad 3rd 

3 LljCMK2/F-ad 

4 LLCMK2/F+ad 3d 

5 LIjCMK2/F+ad 3d/Vac Id 

6 LljCMK2/F+ad 3d/Vac 3d 

anti-F 




123456789 10 11 



1 : LLCMK2 
2: LLCMK2/F+ad 
3 : LLCMK2/F+ad 
4: LLCMK2/F+ad 
5: LljCMK2/F+ad 
6: LLCMK2/F+ad 
7: LLCMK2/F+ad 
8 : LLCMK2/F+ad 
.9: LLCMK2/F+ad 
10: LIjCMK2/F+ad 
11 : LljCMK2/F+ad 



Id 
3d 

Id/AraC Id 
Id/AraC 3d 
IdA^ac Id 
Id/Vac 3d 
Id/AraC+Vac Id 
Id/AraC+Vac 3d 
Id/CHX Id 
Id/CHX 3d 




1 23456789 10 

7 CV-l/F-ad 

8 CV-l/F-ad 3d 

9 CV-l/F-ad 3d/Vac Id 
10 CV-l/F-ad 3d/Vac 3d 



anti-F 




1 2 3 4 5 6 7 8 9 10 11 



1 : 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 
10: 
11 : 



CVl 

CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 



Id 
3d 

Id/AraC Id 
Id/AraC 3d 
Id/Vac Id 
Id/Vac 3d 
Id/AraC+Vac Id 
Id/AraC+Vac 3d 
Id/CHX Id 
Id/CHX 3d 
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7/6 2 



07 



LLCMK2/F 
Pl/24 well 







1 



|Sup 



RNP 



^RNP/o ^RNP/t 



LLCMK2/F 
P2/12 well 
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PCT/JPOO/03195 




LLCMK2 suplCci:^^* 



wo 00/70070 
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wo 00/70070 
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11/6 2 



01 1 




Wt SeV 



dFGFP 



SeV(wt) 
RT(+) RT(-) 




SeV/AF-GFP 
RT(+) RT(-) 



I 1 I 1 

12 3 12 3 




1: +18-NP, +18Not.IlJ-'f h(D^tE<Dm&- 

2: M-GFP, GFPjte^d^jtei=^^aS5fi®#«E05l^ 

3: Fgene, Fae^<0#^E®5tig 



wo 00/70070 
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1 2/6 2 



mi 2 




wo 00/70070 



PCT/JPOO/03195 



1 3/6 2 



1 3 



,1 , F gene 

tri 



2.M/GFP 




L > SeV (wt) 



L > AFGFP 



Primer 


F/AFGFP GFP/SeV SeV (wt) 


Set ^FGI^P 


1 


+ + + 


2 + 


+ - - 
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wo 00/70070 
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1 5/6 2 




wo 00/70070 
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1 6/6 2 



1 6 



cntrl/a c-kit + 



cntrl/a c-kit - 



GFP-wtSeV/a c-kit + 



GFP-wtSeV/a c-kit 



GFP-dFSeV/a c-kit + 



GFP-dFSeV/a c-kit - 




cntrl/a c-kit + - 
cntrl/a c-kit - - 
GFP-wtSeV/a c-kit + - 
GFP-wtSeV/a c-kit 
GFP-dFSeV/a c-kit + - 
GFP-dFSeV/a c-kit 



in 
d 



"T" 



-T" 



□ PE+/GFP- 
9 PE+/GFP+ 



□ PE+/GFP- 
■ PE+/GFP+ 



in 

CsJ 



wo 00/70070 
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mi 7 

in vivo 



1 7/6 2 



wo 00/70070 



PCT/JPOO/03195 



1 8/6 2 

mi 8 




1 2 3 4 5 6 7 8 9 10 11 12 



wo 00/70070 
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1 9./6 2 



1 9 



imm9^<Dmmm (P2) 




Daution(*S!) 

14: PBS 

15: HAlH4<7)«Rigaans iDISWaiPfcSftSbfe (P2) 
16: HAmtOSftRmOane 12)%WSPtcMSiaUfc (P2) 



13 14 15 16 
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wo 00/70070 



PCT/JPOO/03195 



2 1/6 2 

m2 1 




wo 00/70070 



PCT/JPOO/03195 



2 2/6 2 



m2 2 



HN 




LLC/VacT7/pG EM/FHN 
LLC/VacT7 
LLC/FHNmix 
LLC/FHN 1-13 
LLC/FHN 2-6 
LLC/FHN 2-16 
LLC/FHN 3-3 
LLC/FHN 3-18 
LLC/FHN 3-22 
LLC/FHN 4-3 
LLC/FHN 5-9 



wo 00/70070 
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wo 00/70070 
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2 4/6 2 

m2 4 




wo 00/70070 
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2 5/6 2 



2 5 



wo 00/70070 



PCT/JPOO/03195 




M-GFP M-L 



< < 



X 

< ^ 



RT +- + - +- +- 
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02 7 



2 7/6 2 



M-GFP M-L 



2; 

< 



< 



X 



RT +- + - + - +" 
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2 8/6 2 

02 8 




wo 00/70070 



PCT/JP00/03I95 



2 9/6 2 

M2 9 



□ 


pGEM-Luci 




minigenome 




minigenome 


• 


titer of V.V. 




ISmin. 20min. 30min. 



wo 00/70070 



PCT/JPOO/03195 



3 0/6 2 



ms 0 



wo 00/70070 
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3 1 



3 1/6 2 



1000 



0) 

o 
o 
CO 



o 

CO 

c 
o 
o 

<D 



100- 




d2 d3 d4 



-o- 
-6- 



0 min 
15 mIn 
20 min 
30 min 
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3 2/6 2 



3 2 




wo 00/70070 



3 3/6 2 



ms 3 



1 2 3 4 5 6 7 8 



wo 00/70070 
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P3 0<)l7.m : iSS^ 7 - 8 B iigfl±» 



wo 00/70070 



PCT/JPO0/O319S 



3 6/6 2 

VSV-G g|3t 



5-60 



6-7B 



7--8B 




wo 00/70070 
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genome: SeV(+18)/AF:GFP 



yfO 00/70070 



PCT/JPOO/03195 



3 8/6 2 



3 8 



VSV-G 



+ VSV-G 
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^3 9 



3 9/6 2 



1 2 3 



- - : > 




1 2 3 



1 2 3 





anti-F 



anti-HN 



anti-SeV 



wo OQ/70070 
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GFP ^mmmz^^mm^ 



wo 00/70070 



PCT/JPOO/03195 



4 1/6 2 

114 1 



SeV/AF-GFP(OII«fiS:'Ph3-;KO»« 



1000000 




P0-d3 ord4 Pl-d3 Pl-d7 



Passage 
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4 2/6 2 



14 2 




UViaS^^ra(min) 



wo 00/70070 
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4 3/6 2 




P0-d3.4 



Pl-tl3 





01 




■ 3 






□ 4 












■ 6 



P1-d7 



1 

2 
3 
4 
5 
6 



V.V 



vTF7-3(3,S)*35mm* 990913 

vTf7-3(3,S)*35mm* 990913 O 

vTF7-3(3,5)*35mm» 990913 O 

vaF7-3(3,5)*35mm* 000202 O 

vTF7-3(0.0) 990913 O 

vTF7-3(3.5)« 100mm* 000202 O 



V.VU>t.No dGEM-FHN OJ- Pl-Tf 



O 
O 
O 

o 



Dosper 
0.L 

OJL 
OJL 
OJL 



Ort: (V5U>aBuo/ni«,UVI»Hmln) 



wo 00/70070 



PCT/JPOO/03195 




wo 00/70070 



PCT/JPOO/03195 



4 5/6 2 



14 5 



(A) 



pSeV(+) 

^ NP I P D mB F I HN I 



(B) 






NP 1 


P 


D mD f I hn II 


L 




pSeV+NPP 


















NP 1 


P 


1 mJ f I hn U 


L 


n 


pSeV+PM 


















NP 1 


P 


II Mjj F 1 HN U 


L 


l) 


pSeV+MF 








▲ 








d 


NP| 


P 


1 Mjj F 1 HN D 


L 


n 


pSeV+FHN 








A 








d 


NP 1 


P 


g m| f I hn d 


L 


ll 


pSeV+HNL 






















A WiU^ Not 1 U& 
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4 6/6 2 



m4 6 



pBluescript 11 K&i- 



Notl 





Pme MsckSiyal 









Not\ 



wo 00/70070 
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4 7/6 2 

04 7 

SeV18/SEAP SeVPM/SEAP 




SeVMF/SEAP SeVMNUSEAP 
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4 8/6 2 



14 8 




wo 00/70070 
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4 9/6 2 



14 9 



Afhn 



PHN Cell- 



FHN Cell+ 



wo 00/70070 
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5 0/6 2 



^5 0 



1 2 3 1 2 3 1 2 3 




anti-F 



anti-HN 



antrSeV 



wo 00/70070 
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5 1/6 2 



05 1 




1/20 




1/2 





>rV A : SeV(+1 8)/ A F-HN:GFP 



wo 00/70070 



PCT/JPOO/03195 



5 2/6 2 



05 2 



Si^ (a-SeV) 



in^ (a-VSV) 



SeV/ 



Bottom Top 
1 2 3 4 5 6 7 8 9 10 



W T 



Bottom 



AF 



Top 



1 2 3 4 5 6 7 8 9 10 




1 2 3 4 5 6 7 8 9 10 



AF 



1 2 3 4 5 6 7 8 9 10 

AF-HN iv: ;f?..^— 




1 2 3 4 5 6 7 8 9 10 



AF-HN 




ini^ (a-HN) 



1 2 3 4 5 6 7 8 9 10 



AF 



'>3ii : 20-60!i; 'J 



wo 00/70070 
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53/62 

^5 3 






SeV/AF-HN(YSV-G) 









(LLC-MK2)fflJIS) 



wo 00/70070 



PCT/JPOO/03195 



5 4 



5 4/6 2 



80 



□ Sev/ AF 



^ 6(^1 □ Sev/ AF(VSV-G) 

Qu 
O 

# 40- 

:^ 

^ 20- 




LLC-MK2 HRA 



80 



60- 



40- 



20- 



□ Sev/AF 

0 Sev/ AF{VSV-G) 





id 



0. 01 0. 1 (MOD 

Jurkat cell 



wo 00/70070 



PCT/JP00/0319S 



5 5/6 2 

135 5 



pSeV18+b(+) 




I 1 

NGF-fy-i-^- (NGF-N~NGF-C) 



1 2 :^ 1 




1. -^—tl — 

2. NGF/SeV/AF 

3. NGF/SeV/AF-GFP 



4. pSeV18'hD(+) 



wo 00/70070 
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5 6/6 2 



ms 6 

1000 




10 30 GFP/SeV NGF/SeV NGF/SeV/dF NGF/SeV/dF 

18+b(*) IB+bC*) _ -GFP 
NGFSB (ng/niL) 1/1000 dil. 1/1000 dil. 1/1000 dil. 1/1000 dil. 



wo 00/70070 PCT/JPOO/03195 



5 7/6 2 

05 7 




wo 00/70070 



PCT/JP00/0319S 



05 8 



5 8/6 2 



1 2 3 4 5 6 7 




65 kD 



1: LLCMK2/Acl(moN1) 

2;LLCMK2/F/Acl(moi=0) 

3:LLCMK2^F/Ad(mol=1) 

4:LLCMK2/F/Acl(moi=3) 

5:LLCMK2/F/Ad(moi=l 0) 

6:LLCMK2^F/Acl(moi=30) 

7:LLCMK2/F/Acl(nnoi=l 00) 



wo 00/70070 



PCT/JPOO/03195 



5 9/6 2 

ms 9 




wo 00/70070 



PCT/JPDO/03195 



6 0/6 2 



1 23456789 




-4 



1 : LLC-MK2/Ad-Cre(Negative Control ) 

2 : LLC-MK2/F/Ad-Cre/P0 

3 : LLC-MK2/F/A<i-Cre/I>l 

4 : LLC-MK2/F/A<i-Cre/?2 

5 : LLC-MK2/F/A<i-Cre/P3 

6 : LLC-MK2/F/Ad-Cre/P4 

7 : LLC-MK2/F/Ad-Cre/P5 

8 : LLC-MK2/F/Ad-Cre/1>6 
9 .: LLC-MK2/F/Ad-Cre/P7 



wo 00/70070 
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6 1/6 2 



6 1 



wo 00/70070 



PCT/JPOO/03195 



6 2/6 2 

^6 2 




Y <»UX ^ -f ^ - logi 0 (anti-SeV-CIU/ml) 



wo 00/70070 
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1/25 
SEQUENCE LISTING 

<110> DNAVEC Research Inc. 

<120> Paramyxovirus vectors deficient in envelope genes 

<130> D3-103PCT 

<140> 
<141> 

<150> JP 1999-200739 
<151> 1999-05-18 

<160> 52 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 



wo 00/70070 



PCT/JPOO/03195 



2/25 

<400> 1 

atgcatgccg gcagatga 

<210> 2 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 2 

gttgagtact gcaagagc 

<210> 3 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 3 



wo 00/70070 
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3/25 

tttgccggca tgcatgtttc ccaaggggag agttttgcaa cc 42 

<210> 4 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 4 

atgcatgccg gcagatga 18 

<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 5 

tgggtgaatg agagaatcag c 



21 



wo 00/70070 
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4/25 

<210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 

Synthesized Primer Sequence 

<400> 6 

atgcatatgg tgatgcggtt ttggcagtac 30 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 7 

tgccggctat tattacttgt acagctcgtc 30 

<210> 8 
<211> 21 
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5/25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 8 

atcagagacc tgcgacaatg c 21 

<210> 9 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 9 

aagtcgtgct gcttcatgtg g 21 

<210> 10 
<211> 25 
<212> DNA 

<213> Artificial Sequence 



wo 00/70070 
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6/25 

<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 10 

acaaccacta cctgagcacc cagtc 25 

<210> 11 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 11 

gcctaacaca tccagagatc g 21 

<210> 12 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 



wo 00/70070 
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<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 12 

acattcatga gtcagctcgc 20 

<210> 13 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 13 

atcagagacc tgcgacaatg c 21 

<210> 14 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 
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<400> 14 

aagtcgtgct gcttcatgtg g 21 

<210> 15 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 15 

gaaaaactta gggataaagt ccc 23 

<210> 16 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 16 
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gttatctccg ggatggtgc 19 

<210> 17 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 17 

gcgcggccgc cgtacggtgg caaccatgtc gtttactttg accaa 45 

<210> 18 
<211> 80 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 18 

gcgcggccgc gatgaacttt caccctaagt ttttcttact acggcgtacg ctattacttc 60 
tgacaccaga ccaactggta 80 
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<210> 19 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 19 

ccaccgacca cacccagcgg ccgcgacagc cacggcttcg g 41 

<210> 20 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 20 

ccgaagccgt ggctgtcgcg gccgctgggt gtggtcggtg g 41 



<210> 21 
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<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 21 

gaaatttcac ctaagcggcc gcaatggcag atatctatag 40 

<210> 22 
<211> 40 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 22 

ctatagatat ctgccattgc ggccgcttag gtgaaatttc 40 

<210> 23 
<211> 43 
<212> DNA 



wo 00^0070 



PCT/JP00/0319S 



12/25 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 23 

gggataaagt cccttgcggc cgcttggttg caaaactctc ccc 43 

<210> 24 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 24 

ggggagagtt ttgcaaccaa gcggccgcaa gggactttat ccc 43 

<210> 25 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 25 

ggtcgcgcgg tactttagcg gccgcctcaa acaagcacag atcatgg 47 

<210> 26 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 26 

ccatgatctg tgcttgtttg aggcggccgc taaagtaccg cgcgacc 47 

<210> 27 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
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synthesized sequence 
<400> 27 

cctgcccatc catgacctag cggccgcttc ccattcaccc tggg . 

<210> 28 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 28 

cccagggtga atgggaagcg gccgctaggt catggatggg cagg 

<210> 29 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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<400> 29 

gcggcgcgcc atgctgctgc tgctgctgct gctgggcctg 40 

<210> 30 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 30 

gcggcgcgcc cttatcatgt ctgctcgaag cggccggccg 40 

<210> 31 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 31 

gcggccgcgt ttaaacggcg cgccatttaa atccgtagta agaaaaactt agggtgaaag 60 
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ttcatcgcgg ccgc 74 

<210> 32 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 32 

gcggccgcga tgaactttca ccctaagttt ttcttactac ggatttaaat ggcgcgccgt 60 
ttaaacgcgg ccgc 74 

<210> 33 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

■<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 33 

acttgcggcc gccaaagttc agtaatgtcc atgttgttct acactctg 48 
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<210> 34 

<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 34 

atccgcggcc gcgatgaact ttcaccctaa gtttttctta ctacggtcag cctcttcttg 60 
tagccttcct gc 72 

<210> 35 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 35 

ggagaagtct caacaccgtc cacccaagat aatcgatcag 



40 
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<210> 36 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 36 

ctgatcgatt atcttgggtg gacggtgttg agacttctcc 40 

<210> 37 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 37 

gtatatgtgt tcagttgagc ttgctgtcgg tctaaggc 38 

<210> 38 
<211> 38 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 38 

gccttagacc gacagcaagc tcaactgaac acatatac 38 

<210> 39 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 39 

caatgaactc tctagagagg ctggagtcac taaagagtta cctgg 45 

<210> 40 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 40 

ccaggtaact ctttagtgac tccagcctct ctagagagtt cattg 45 

<210> 41 
<211> 52 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 41 

gtgaaagttc atccaccgat cggctcactc gaggccacac ccaaccccac eg 52 

<210> 42 
<211> 52 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 42 

cggtggggtt gggtgtggcc tcgagtgagc cgatcggtgg atgaactttc ac 52 

<210> 43 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 43 

cttagggtga aagaaatttc agctagcacg gcgcaatggc agatatc 47 

<210> 44 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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<400> 44 

gatatctgcc attgcgccgt gctagctgaa atttctttca ccctaag 47 

<210> 45 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 45 

cttagggata aagtcccttg tgcgcgcttg gttgcaaaac tctcccc 47 

<210> 46 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 46 
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ggggagagtt ttgcaaccaa gcgcgcacaa gggactttat ccctaag 47 

<210> 47 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 47 

ggtcgcgcgg tactttagtc gacacctcaa acaagcacag atcatgg 47 

<210> 48 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 48 

ccatgatctg tgcttgtttg aggtgtcgac taaagtaccg cgcgacc 



47 
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<210> 49 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 49 

cccagggtga atgggaaggg ccggccaggt catggatggg caggagtcc 49 

<210> 50 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 50 

ggactcctgc ccatccatga cctggccggc ccttcccatt caccctggg 49 

<210> 51 
<211> 72 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 51 

ggccgcttaa ttaacggttt aaacgcgcgc caacagtgtt gataagaaaa acttagggtg 60 
aaagttcatc ac 72 

<210> 52 
<2U> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 52 

ggccgtgatg aactttcacc ctaagttttt cttatcaaca ctgttggcgc gcgtttaaac 60 
cgttaattaa gc 72 
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DESCRIPTION 

ENVELOPE GENE-DEFICIENT VIRUS VECTOR OF PARAMSTXOVIRIDAE 

5 Technical Field 

The present invention relates to an envelope gene-deficient 
viral vector of Paramyxoviridae . 

Background Art 

10 In many clinical approaches of gene therapy until now, viral 

vectors from retroviruses, adenoviruses, and adeno-associated 
viruses have been used. These gene therapy vectors have limitations 
in gene introducing efficiency and persistent expression, and also 
have cell toxicity, and immunogenicity, which are crucial problems 

15 when it comes to the medical application of these vectors (Lamb, R.A. 
& Kolakof sky, D., Paramyxoviridae: the viruses and their replication . 
In Fields Virology, 3rd edn, (Edited by B. N. Fields, D. M. Knipe 
&P. P. Howley) pp. 1177-1204 (Philadelphia, Lippincott-Raven (1996)) . 
Novel vectors based on lentiviruses and HSV have been proposed as 

20 countermeasures, and extensive research is also being carried out 
to improve existing vectors. However, all of these vectors exist in 
the form of DNA within the nucleus throughout the life cycle. 
Therefore, it is difficult to fully overcome concerns of safety related 
to random interactions with the patient's chromosomes. 

25 Recent rapid progress of reverse genetics technologies is making 

it possible to develop vectors based on RNA viruses^ the development 
of which has been long delayed. Recombinant RNA virus vectors show 
high gene introduction efficiency and expression capability, and thus 
show a very high potentiality as vectors for gene therapy (Roberts, 

30 A. & Rose, J. K., Virology 247, 1-6 (1998); Rose, J., Proc. Natl. 
Acad. Sci. USA 94, 14998-15000 (1996); Palese, P. et al., Proc. Natl. 
Acad. Sci. USA 93, 11354-11358 (1996)). However, practically useable 
paramyxovirus vectors derived from deficient type genome of 
attenuated viruses have not been reported yet. 

35 Paramyxovirus vectors having negative-strand RNA as the genome 

have several characteristics significantly different from 
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retroviruses, DNA viruses or positive-strand RNA virus vectors. 
Genomes or antigenomes of negative-strand RNA viruses do not directly 
function as mRNA, so they cannot initiate the synthesis of viral 
proteins and genome replication. Both RNA genome and antigenome of 
5 these viruses always exist in the form of a ribonucleoprotein complex 
(RNP) , so they hardly cause problems caused by antisense strands, 
such as interfering with the assembly of genome to RNP due to mRNA 
hybridizing with naked genomic RNA, as in the case of positive strand 
RNA viruses. These viruses comprise their own RNA polymerases, 

10 performing the transcription of viral mRNAs or replication of viral 
genomes using RNP complex as the template. Worthy of mentioning is 
that negative-strand RNA (nsRNA) viruses proliferate only in the 
cytoplasm of host cells, causing no integration thereof into 
chromosomes, because they do not go through a DNA phase. Furthermore, 

15 no homologous recombination among RNAs has been recognized. These 
properties are considered to contribute a great deal to the stability 
and safety of negative-strand RNA viruses as gene expressing vectors. 

Among negative-strand RNA viruses, present inventors have been 
focusing their attention on the Sendai virus (SeV) . Sendai virus is 

20 a non-segmented type negative-strand RNA virus belonging to the genus 
Paramyxovirus, and is a type of murine parainfluenza virus. The virus 
attaches to the host cell membrane via two envelope glycoproteins, 
the hemagglutinin-neuraminidase (HN) and fusion protein (F) , causes 
membrane fusion, and efficiently releases its own RNA polymerase and 

25 the RNA genome, which exists as a ribonucleoprotein (RNP) complex, 
into the cytoplasm, and carries out mRNA transcription of the virus 
and genome replication at the site (Bitzer, M. et al., J. Virol. 
71(7) : 5481-5486, 1997) . The viral envelope protein F is synthesized 
as an inactive precursor protein (Fq), then divided into Fl and F2 

30 by proteolytic cleavage with trypsin (Kido, H. et al., Biopolymers 
(Peptide Science) 51(1): 79-86, 1999), and thus becomes an active 
form protein to cause membrane fusion. This virus has been said to 
be non-pathogenic towards humans. In addition, an attenuated 
laboratory strain (Z strain) of Sendai virus has been isolated, which 

35 only induces mild pneumonia in rodents, the natural hosts . This strain 
has been widely used as a research model for molecular level studies 
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of the transcription-replication mechanism of paramyxoviruses and 
used for preparing hybridomas. In addition to the high safety 
mentioned above, the virus shows a high production titer of 10^'"'''*" pfu/ml 
in cell lines or chicken eggs. In one recently successful recovery 
5 system of negative-strand RNA virus vector from cDNA, especially high 
reconstitution efficiency has been seen in the case of Sendai virus. 
The capability of recombinant wild type viruses introduced with 
exogenous genes, to efficiently and stably express introduced 
exogenous genes is gaining wide attention. 

10 Thus, negative-strand RNA viruses have many advantages as gene 

introducing vectors. However, to apply for gene therapy, the 
development of highly safe vectors that do not release infectious 
particles when infected to cells is desired. For that purpose, a 
technique that mass produces viruses deficient in wild type virus 

15 production capability is necessary. However, development of an 
applicable vector based on an envelope gene-deficient genome has not 
yet been successful. 

Disclosure of the Invention 

20 The aim of present invention is to provide a paramyxovirus vector 

deficient in an envelope gene. 

To construct a paramyxovirus vector suitable for gene therapy , 
which completely lacks a propagation capability, the present 
inventors deleted F gene of SeV from the genome to establish a method 

25 to recover infectious virus particles in cells expressing F protein 
of Sendai virus, using cDNA in which GFP gene is introduced as a reporter . 
Through this F gene-deficient virus vector, a gene is introduced into 
rat neuronal cells in primary cultures, primitive mouse blood stem 
cells, human normal cells, and various other types of cells with a 

30 high efficiency, and a high expression was seen. Furthermore, high 
expression was obtained when administrated into rat brain in vivo. 
The F gene-deficient SeV vector expresses a gene relatively 
persistently and strongly in the infected cells without producing 
secondary infectious virus particles, and does not propagate within 

35 adjacent cells. Thus, the usefulness of the vector for gene therapy 
was suggested. 
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Furthermore, the present inventors produced a SeV vector cDNA 
deficient in both F gene and HN gene, to establish a method to recover 
infectious virus particles in a cell line expressing F protein and 
HN protein of Sendai virus . In addition, by introducing the SeV vector 
5 cDNA into F-expressing cells, the present inventors succeeded in 
constructing SeV vector deficient in the HN protein. 

Thus, the present invention establishes an applicable novel 
envelope gene-deficient vector system based on a negative-strand RNA 
virus for the first time. The success in the recovery of infectious 

10 deficient virus particles from F gene-deficient, or FHN 
gene-deficient genomic cDNA using helper cells pave the way for 
research and development of novel vectors for gene therapy taking 
advantage of the remarkable characteristics of Sendai virus. 

The deficient Sendai virus vector of the present invention has 

15 an extremely high gene-introducing efficiency towards various cell 
types and an enormous capability of expressing an exogenous gene. 
Furthermore, it express persistently in infected cells and does not 
release secondary infectious virus particles, proving that it is a 
highly safe vector completely without virus-propagating capability. 

20 The stability of genome is pointed out as a problem when using 

RNA viruses . Heterologous gene expression by SeV vector showed hardly 
any base mutations after continual multiple passages, showing that 
it expresses the inserted heterologous gene stably for a long period 
(Yu, D. et al. Genes cells 2, 457-466 (1997)). Vectors based on 

25 negative-strand RNA virus replicons have several advantageous 
characteristics such as genome stability or flexibility of the size 
of the gene introduced or packaging, for they do not have the capsid 
structural protein, when compared to vectors based on replicons of 
Semliki forest virus, an already successful positive-strand RNA virus, 

30 or those of Sindbis virus. At least 4 kbp of exogenous DNA can be 
inserted into the wild type Sendai virus vector, and a much longer 
one can be inserted into the deficient vector.. By adding a 
transcription unit, two or more kinds of genes may be expressed 
simultaneously. Persistent expression is expected in the vector 

35 based on replicon of Sendai virus since theoretically, multicopied 
RNPs replicated in the cytoplasm are distributed into daughter cells 
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when cell division occurs. Actually, this has been demonstrated in 
an in vitro study in a certain kind of blood cells. Furthermore, since 
the present inventors have confirmed that the Sendai virus vector 
is introduced with a high efficiency into blood cells, especially 
5 granulocytic cells, and also that it is introduced into c-kit positive 
primitive cells, the vector is thought to be a very highly applicable 
vector with a very extensive tissue application range. 

Thus, the present invention relates to envelope gene-deficient 
Sendai virus vector, more specifically to: 

10 (1) A virus vector of Paramyxoviridae comprising a complex comprising 
(a) paramyxovirus-derived negative-strand single-stranded RNA 
modified not to express at least one envelope protein of 
Paramyxoviridae viruses, and (b) a protein that binds to said 
negative-strand single-stranded RNA; 

15 (2) The vector according to (1), wherein the negative-strand 
single-stranded RNA expresses NP protein, P protein, and L protein, 
and is modified not to express F protein and/or HN protein; 

(3) The vector according to (1) or (2) , comprising at least one of 
the envelope proteins whose expression was suppressed in the modified 

20 negative-strand single-stranded RNA; 

(4) A vector according to any one of (1) to (3), comprising VSV-G 
protein; 

(5) A vector according to any one of (1) to (4), wherein the 
negative-strand single-stranded RNA is derived from Sendai virus; 

25 (6) A vector according to any one of (1) to (5), wherein the 
negative-strand single-stranded RNA further encodes an exogenous 
gene; 

(7) A DNA encoding negative-strand single-stranded RNA comprised in 
a vector according to any one of (1) to (6), or the complementary 

30 strand thereof; 

(8) A method for producing a vector according to any one of (1) to 
(6), comprising the following steps of: 

(a) expressing vector DNA encoding paramyxovirus-derived 
negative-strand single-stranded RNA modified not to express at least 
35 one envelope protein of Paramyxoviridae viruses, or the complementary 
strand, by introducing into cells expressing the envelope protein. 
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(b) culturing said cells, and, 

(c) recovering the virus particles from the culture supernatant; 

(9) A method for producing a vector according to any one of (1) to 
(6), comprising the steps of, 

5 (a) introducing, a complex comprising paramyxovirus-derived 
negative-strand single-stranded RNA modified not to express at least 
one envelope protein of Paramyxoviridae viruses, and a protein binding 
to said negative-strand single-stranded RNA, into cells expressing 
said envelope protein, 
10 (b) culturing said cell, and, 

(c) recovering virus particles from the culture supernatant; 

(10) The method according to. (8) or (9), wherein the cell culture 
in (b) is a co-culture with cells expressing envelope proteins; 

(11) The method according to (8) or (9), wherein cells expressing 
15 envelope proteins are overlaid to said cells in cell culture in (b) ; 

(12) A method according to any one of (8) to (11), wherein at least 
one envelope protein expressed by cells is identical to at least one 
envelope protein whose expression is suppressed in the 
negative-strand single-stranded RNA described above; 

20 (13) A method according to any one of (8) to (12), wherein at least 
one envelope protein expressed by the cells is VSV-G protein. 

In the present invention, the term "vector" indicates virus 
particles in which nucleic acid molecules for expressing exogenous 
25 gene in hosts are packaged. 

^^NP, P, M, F, HN and L genes" of viruses belonging to the family 
Paramyxoviridae refer to genes encoding nucleocapsid, phospho, matrix, 
fusion, hemagglutinin-neuraminidase and large proteins, respectively. 
Respective genes of viruses belonging to subfamilies of the family 
30 Paramyxoviridae are represented in general as follows. NP gene is 
generally described also as the ^^N gene". 

Genus N P/C/V M F HN - L 

Respirovirus 

Genus N P/V M F HN (SH) L 

Rubullavirus ; 
Genus N P/C/V M F H - L 
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Morbi Hi virus 

Database accession numbers for nucleotide sequences of genes 
of the Sendai virus classified into Respirovirus of the family 
Paramyxoviridae are, M29343, M30202, M30203, M30204, M51331, M55565, 
iyi69046 and X17218 for NP gene, M30202, M30203, M30204, M55565, M69046, 
5 X00583, X17007 and X17008 for P gene, D11446, K02742, M30202, M30203, 
M30204, M69046, U31956, X00584 and X53056 for M gene, D00152, D11446, 
D17334, D17335, M30202, M30203, M30204, M69046, X00152 and X02131 
for F gene, D26475, M12397, M30202, M30203, M30204, M69046, X00586, 
X02808 and X56131 for HN gene, and D00053, M30202, M30203, M30204, 

10 iyi69040, X00587 and X58886 for L gene. 

The present invention relates to envelope gene-deficient 
virus vectors of Paramyxoviridae. The virus vector comprises 
paramyxovirus-derived negative-strand single-stranded RNA modified 
not to express at least one envelope protein. Paramyxovirus generally 

15 comprises a complex of RNA and protein (ribonucleoprotein; RNP) in 
the envelope. The RNA comprised in RNP is negative-strand 
(negative-strand) single-stranded RNA, which is the genome of 
paramyxovirus. The protein binds to the RNA to form the complex. 
Namely, a virus vector of Paramyxoviridae according to this invention 

20 comprises a complex comprising (a) a paramyxovirus-derived 
negative-strand single-stranded RNA modified so as not to express 
at least one of the envelope proteins of Paramyxoviridae viruses and 
(b) a protein binding to said negative-strand single-stranded RNA. 
Proteins binding to a negative-strand single-stranded RNA refer to 

25 proteins binding directly and/or indirectly to the negative-strand 
single-stranded RNA to form an RNP complex with the negative-strand 
single-stranded RNA. In general, negative-strand single-stranded 
RNA (genomic RNA) of paramyxovirus is bound to NP, P and L proteins. 
RNA contained in this RNP serves as the template for transcription 

30 and replication of RNA (Lamb, R. A., and D. Kolakofsky, 1996, 
Paramyxoviridae : The viruses and their replication, pp. 1177-1204. 
In Fields Virology, S"""^ edn. Fields, B. N., D. M. Knipe, and P. M. 
Howley et al. (ed. ) , Raven Press, New York, N. Y. ) . Complexes of this 
invention include those comprising negative-strand single-stranded 

35 RNAs originating in paramyxovirus and proteins also originating in 
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paramyxovirus which bind to the RNAs. Vectors of this invention 
comprises RNP comprising, for example, negative-strand 
single-stranded RNA of paramyxoviruses to which these proteins (NP, 
P and L proteins) are bound. In general, RNP complexes of 
5 paramyxovirus are capable of autonomously self-replicating in host 
cells. Thus, vectors transferred to cells intracellularly 
proliferate RNP to increase the copy number of the gene (RNA contained 
in complex) , thereby leading to a high level expression of a foreign 
gene from RNP carrying the foreign gene. Vectors of this invention 

10 are preferably those capable of replicating RNA contained in complexes 
(RNP) in transfected cells. 

In addition to the Sendai virus, the Paramyxoviridae virus for 
which the present invention can be applied is, for instance, measles 
virus, simian parainfluenza virus (SV5) , and human parainfluenza 

15 virus 3, but is not limited to thereto. 

Negative-strand single-stranded RNAs contained in viral 
vectors are modified, typically, so as to express NP, P and L proteins, 
but not F and/or HN proteins. 

In the case of Sendai virus (SeV) , the genome of the natural 

20 virus is approximately 15,000 nucleotides in size, and the 
negative-strand comprises six genes encoding NP (nucleocapsid) , P 
(phospho) , M (matrix), F (fusion), HN (hemagglutinin- neuraminidase) 
and L (large) proteins lined in a row following the 3' -short leader 
region, and a short 5' -trailer region on the other end. In this 

25 invention, this genome can be modified so as not to express envelope 
proteins by designing a genome deficient in any of F, HN and M genes, 
or any combination thereof. Deficiency in either F gene or HN gene, 
or both is preferred. Since these proteins are unnecessary for the 
formation of RNP, RNPs of this invention can be manufactured by 

30 transcribing this genomic RNA (either positive or negative-strand) 
in the presence of NP, P and L proteins . RNP formation can be performed, 
for example, in LLC-MK2 cells, or the like. NP, P and L proteins can 
be supplied by introducing to cells expression vectors carrying the 
respective genes for these proteins (cf. examples). Each gene may 

35 be also incorporated into chromosomes of host cells. NP, P and L genes 
to be expressed for the formation of RNP need not be completely 
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identical to those genes encoded in the genome of the vector. That 
is, amino acid sequences of proteins encoded by these genes may not 
be identical to those of proteins encoded by RNP genome, as long as 
they can bind to the genomic RNA and are capable of replicating RNP 
5 in cells, and these genes may be induced with mutations or replaced 
with homologous genes from other viruses. Once an RNP is formed, NP, 
P and L genes are expressed from this RNP to autonomously replicate 
RNP in the cells and produce viral vectors. 

If an envelop protein is infected to cells when reconstituting 

10 a vector within cells, this envelop protein will be incorporated into 
cells, enabling the production of infectious viral vectors due to 
the envelope protein. Such a vector, once infected to cells, cannot 
produce viruses comprising an envelope protein as the initial virus 
can, because it does not have the envelope gene, though it can propagate 

15 RNP within the cells. Such a vector is very useful in fields such 
as gene therapy where exceptionally high safety is required. 

Viral vectors with equivalent infection capability as the wild 
type virus can be produced by expressing the envelope protein whose 
expression is suppressed in modified negative-strand single-stranded 

20 RNA, namely envelope gene deficient in the genome, at the time of 
virus reconstitution . Expressing a portion of envelope gene 
deficient in the genome is also conceivable. For example, when F 
protein alone is expressed against the genome deficient in both F 
and HN gene, a virus vector with F protein as envelope is produced. 

25 The virus with only F protein, but without HN protein, can be used 
as a vector that infects specifically to hepatocytes, mediated by 
asialoglycoprotein receptor (ASG-R) . Thus, viral vectors of 
Paramyxoviridae comprising at least one envelope protein whose 
expression is suppressed in modified negative-strand single-stranded 

30 RNA are included in the present invention. 

In addition, it is also possible to reconstitute the vector of 
the present invention by using envelope proteins different from that 
whose expression was suppressed by modifying negative-strand 
single-stranded RNA. There is no particular limitation on the type 

35 of such envelope proteins. One example of other viral envelope 
proteins is the G protein (VSV-G) of vesicular stomatitis virus (VSV) . 
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The virus vector of Paramyxoviridae of the present invention includes 
pseudo-type viral vectors comprising envelope protein derived from 
a virus different to the virus from which the genome is derived, such 
as VSV-G protein, and the like. 
5 Viral vectors of this invention can be usually prepared by (a) 

introducing a vector DNA encoding paramyxovirus-derived 
negative-strand single-stranded RNA that has been modified so as not 
to express at least one of the viral envelope proteins of 
Paramyxoviridae viruses, or a complementary strand of said RNA, into 
10 cells (helper cells) expressing envelope proteins to express the RNAs, 
and (b) culturing the cells to recover viral particles from the culture 
supernatant . By coexpressing NP, L and P proteins at the time of vector 
DNA expression, RNPs are formed and a virus having envelope proteins 
is constructed. 

15 Vector DNA to be expressed in helper cells encodes 

negative-strand single-stranded RNA (negative-^strand) or 
complementary strand thereof (positive strand) contained in complexes 
of this invention. For example, DNA encoding negative-strand 
single-stranded RNA or complementary strand thereof is linked 

20 downstream of T7 promoter to be transcribed to RNA by T7 RNA polymerase . 
Vector DNAs may be cloned into plasmids to amplify in E. coli . Although 
the strand to be transcribed inside cells may be either positive or 
negative-strand, it is preferable to arrange so as to transcribe the 
positive strand for the improvement of complex reconstitution 

25 efficiency. 

As helper cells, cells expressing envelope protein are used. 
As described above, helper cells are not limited to cells expressing 
all proteins of envelope genes deficient in the virus vector, for 
instance, for F, HN gene-deficient Sendai virus vector DNA, cells 

30 expressing F protein alone can be used as helper cells. In addition, 
cells expressing envelope protein different to the protein encoded 
by the envelope gene deficient in the virus vector may also be used. 
For example, as described above, an envelope protein that is not the 
envelope protein of a virus of Paramyxoviridae such as VSV-G protein 

35 can also be used as an envelope protein. 

For example, a viral vector can be reconstituted by transf ecting 
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a plasmid expressing a recombinant Sendai virus vector genome 
deficient in envelope genes into host cells together with a vector 
expressing the deficient envelope protein and NP, P/C and L protein 
expression vectors. Alternatively, RNP complex can be manufactured 
5 using, for example, host cells incorporated with F gene into 
chromosomes thereof. Amino acid sequences of these protein groups 
supplied from outside the viral genome need not be identical to those 
deriving from the virus. As long as these proteins are equally active 
to or more active than natural type proteins in transferring nucleic 

10 acids into cells, genes encoding these proteins may be modified by 
inserting some mutations or replacing with homologous genes from other 
viruses. Since, in general, many envelope proteins show cytotoxicity, 
and therefore, they may be arranged to be expressed only when the 
vector is reconstituted under the control of an inducible promoter 

15 (cf . examples) . 

Once RNP or virus comprising RNP is formed, complexes of this 
invention can be amplified by introducing this RNP or virus again 
into the aforementioned helper cells and culturing them. This process 
comprises the steps of (a) introducing a complex comprising 

20 negative-strand single-stranded RNA derived from paramyxovirus 
modified not to express at least one envelope protein of viruses 
belonging to Paramyxoviridae^. and a protein that binds to said 
negative-strand single-stranded RNA to cells expressing envelope 
proteins, and (b) culturing the cells and recovering virus particles 

25 from the culture supernatant. 

RNP may be introduced to cells as a complex formed together with, 
for example , lipo feet amine and a poly cat ionic liposome . Specifically, 
a variety of transfection reagents can be utilized. Examples thereof 
are DOTMA (Boehringer) , Superfect (QIAGEN #301305), DOTAP, DOPE, 

30 DOSPER (Boehringer #1811169), etc. Chloroquine may be added to 
prevent RNP from decomposition in endosomes (Calos, M. P., 1983, Proc. 
Natl. Acad. Sci. USA 80: 3015). 

Once a viral vector is thus constructed in host cells, it can 
be further amplified by coculturing these cells with cells expressing 

35 envelope proteins. As described in Example 12, a preferable example 
is the method of overlaying cells expressing envelope proteins over 
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virus producing cells. 

As an envelope protein, besides a viral envelope protein, for 
example, a chimeric protein comprising, in its extracellular region, 
a polypeptide derived from an adhesion molecule, ligand, receptor 
protein, and such that can adhere to specific cells, and in its 
intracellular region, polypeptides derived from virus envelope can 
be used. Hereby, vectors targeted to specific tissues can be produced. 
Viral vectors of this invention, for example, may comprise a viral 
gene contained in the vector that has been modified to reduce the 
antigenicity or enhance the RNA transcription and replication 
efficiency. 

Viral vectors of this invention may include RNA encoding a 
foreign gene in their negative-strand single-stranded RNA. Any gene 
desired to be expressed in target cells may be used as the foreign 
gene. For example, when gene therapy is intended, a gene for treating 
an objective disease is inserted into the viral vector DNA. In the 
case where a foreign gene is inserted into the viral vector DNA, for 
example, Sendai viral vector DNA, it is preferable, to insert a 
sequence comprising a nucleotide number of a multiple of six between 
the transcription termination sequence (E) and transcription 
initiation sequence (S) , etc. (Journal of Virology, Vol. 67, No. 8, 
1993, p. 4822-4830) . Foreign gene may be inserted before or after each 
of the virus genes (NP, P, M, F, HN and L genes) (cf . examples) . E-I-S 
sequence (transcription initiation sequence -intervening 

sequence-transcription termination sequence) or portion thereof is 
appropriately inserted before or after a foreign gene so as not to 
interfere with the expression of genes before or after the foreign 
gene. Expression level of the inserted foreign gene can be regulated 
by the type of transcription initiation sequence added upstream of 
the foreign gene, as well as the site of gene insertion and nucleotide 
sequences before and after the gene. For example, in Sendai virus, 
the nearer the insertion site is to the 3' -end of negative-strand 
RNA (in the gene arrangement on the wild type viral genome, the nearer 
to NP gene) , the higher the expression level of the inserted gene 
is. To secure a high expression level of a foreign gene, it is 
preferable to insert the foreign gene into upstream region in 
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negative-strand genome such as upstream of NP gene (the 3' -side in 
negative-strand) or between NP and P genes. Conversely, the nearer 
the insertion position is to the 5' -end of negative-strand RNA (in 
the gene arrangement on the wild type viral genome, the nearer to 
5 L gene) , the lower the expression level of the inserted gene is. To 
suppress the expression of a foreign gene to a low level, the foreign 
gene is inserted, for example, to the far most 5' -side of the 
negative-strand, that is, downstream of L gene in the wild type viral 
genome (the 5' -side adjacent to L gene in negative-strand) or upstream 

10 of L gene (the 3' -side adjacent to L gene in negative-strand). To 
facilitate the insertion of a foreign gene, a cloning site may be 
designed at the inserting position. The cloning site can be arranged 
to be, for example, the recognition sequence for restriction enzymes. 
Foreign gene fragments can be inserted into the restriction enzyme 

15 site in the vector DNA encoding the genome. Cloning site may be 
arranged to be a so-called multi-cloning site comprising a plurality 
of restriction enzyme recognition sequences. Vectors of this 
invention may harbor at the insertion sites foreign genes other than 
those described above. 

20 Recombinant Sendai virus vectors comprising a foreign gene can 

be constructed as follows according to, for example, the description 
in ^'Kato, A. et al., 1997, EMBO J. 16: 578-587" and "'Yu, D. et al., 
1997, Genes Cells 2: 457-466". 

First, a DNA sample comprising the cDNA nucleotide sequence of 

25 a desired foreign gene is prepared. It is preferable that the DNA 
sample can be electrophoretically identified as a single plasmid at 
concentrations of 25 ng/\xl or more. Below, a case where a foreign 
gene is inserted to DNA encoding viral genome utilizing NotI site 
will be described as an example. When NotI recognition site is 

30 included in the objective cDNA nucleotide sequence, it is preferable 
to delete the NotI site beforehand by modifying the nucleotide sequence 
using site-specif ic mutagenesis and such method so as not to alter 
the amino acid sequence encoded by the cDNA. From this DNA sample, 
the desired gene fragment is amplified and recovered by PGR. To have 

35 NotI sites on the both ends of amplified DNA fragment and further 
add a copy of transcription termination sequence (E) , intervening 
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sequence (I) and transcription initiation sequence (S) (EIS sequence) 
of Sendai virus to one end, a forward side synthetic DNA sequence 
and reverse side synthetic DNA sequence (antisense strand) are 
prepared as a pair of primers containing NotI restriction enzyme 
5 cleavage site sequence, transcription termination sequence (E) , 
intervening sequence (I), transcription initiation sequence (S) and 
a partial sequence of the objective gene. 

For example, to secure cleavage by NotI, the forward side 
synthetic DNA sequence is arranged in a form in which any two or more 

10 nucleotides (preferably 4 nucleotides excluding GCG and GCC, 
sequences originating in NotI recognition site, more preferably ACTT) 
are selected on the 5' -side of the synthetic DNA, NotI recognition 
site '"gcggccgc" is added to its 3' -side, and to the 3' -side thereof, 
any desired 9 nucleotides or nucleotides of 9 plus a multiple of 6 

15 nucleotides are added as the spacer sequence, and to the 3' -side 
thereof, about 25 nucleotide-equivalent ORF including the initiation 
codon ATG of the desired cDNA is added. It is preferable to select 
about 25 nucleotides from the desired cDNA as the forward side 
synthetic DNA sequence so as to have G or C as the final nucleotide 

20 on its 3' -end. 

In the reverse side synthetic DNA sequence, any two or more 
nucleotides (preferably 4 nucleotides excluding GCG and GCC, 
sequences originating in the NotI recognition site, more preferably 
ACTT) are selected from the 5' -side of the synthetic DNA, NotI 

25 recognition site ^'gcggccgc" is added to its 3' -side, and to its further 
3' -side, an oligo DNA is added as the insertion fragment to adjust 
the length. This oligo DNA is designed so that the total nucleotide 
number including the NotI recognition site ^^gcggccgc'' , complementary 
sequence of cDNA and EIS nucleotide sequence of Sendai virus genome 

30 originating in the virus described below becomes a multiple of six 
(so-called ''rule of six''; Kolakof ski, D. et al. , J. Virol. 72: 891-899, 
1998). Further to the 3' -side of inserted fragment, a sequence 
complementary to S sequence of Sendai virus, preferably 
5' -CTTTCACCCT-3' , I sequence, preferably 5'-AAG-3', and a sequence 

35 complementary to E sequence, preferably 5' -TTTTTCTTACTACGG-3 ' , is 
added, and further to the 3' -side thereof, about 25 
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nucleotide-equivalent complementary sequence counted in the reverse 
direction from the termination codon of the desired cDNA sequence 
the length of which is adjusted to have G or C as the final nucleotide, 
is selected and added as the 3' -end of the reverse side synthetic 
5 DNA. 

PGR can be done according to the usual method with, for example, 
ExTaq polymerase (Takara Shuzo) . Preferably, PGR is performed using 
Vent polymerase (NEB) , and desired fragments thus amplified are 
digested with NotI, then inserted to NotI site of the plasmid vector 

10 pBluescript. Nucleotide sequences of PGR products thus obtained are 
confirmed with a sequencer to select a plasmid having the right 
sequence. The inserted fragment is excised from the plasmid using 
NotI, and cloned to the NotI site of the plasmid carrying the genomic 
cDNA deficient in envelope genes. Alternatively, it is also possible 

15 to obtain the recombinant Sendai virus cDNA by directly inserting 
the fragment to the NotI site without the mediation of the plasmid 
vector pBluescript. 

It is also possible to transcribe a viral vector DNA of the 
present invention in test tubes or cells, reconstitute RNP with viral 

20 L, P and NP proteins, and produce the virus vector comprising this 
RNP. Reconstitution of virus from the viral vector DNA can be carried 
out according to methods known in the art using cells expressing 
envelope proteins (W097/16539 and 97/16538: Durbin, A. P. et al., 
1997, Virology 235: 323-332; Whelan, S. P. et al., 1995, Proc, Natl. 

25 Acad. Sci. USA 92: 8388-8392; Schnell, M. J. et al., 1994, EMBO J. 
13: 4195-4203; Radecke, F. et al . , 1995, EMBO J. 14: 5773-5784; Lawson, 
N. D. et al., Proc. Natl. Acad. Sci. USA 92: 4477-4481; Garcin, D. 
et al., 1995, EMBO J. 14: 6087-6094; Kato, A. et al., 1996, Genes 
Cells 1: 569-579; Baron, M. D. and Barrett, T., 1997, J. Virol. 71: 

30 1265-1271; Bridgen, A. and Elliott, R. M. , 1996, Proc. Natl. Acad. 
Sci. .USA 93: 15400-15404) . When a viral vector DNA is made deficient 
in F, HN and/or M genes, infectious virus particles are not formed 
with such a defective vector. However, it is possible to form 
infectious virus particles by separately transferring these deficient 

35 genes, genes encoding other viral envelope proteins, and such, to 
host cells and expressing them therein. 
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Methods for transferring viral vector DNA into cells include 
the following: 1) the method of preparing DNA precipitates that can 
be be taken up by objective cells; 2) the method of preparing a DNA 
comprising complex which is suitable for being taken up by objective 
5 cells and which is also not very cytotoxic and has a positive charge, 
and 3) the method of instantaneously boring on the objective cellular 
membrane pores wide enough to allow DNA molecules to pass through 
by electric pulse. 

In Method 2) , a variety of transf ection reagents can be utilized, 

10 examples being DOTMA (Boehringer) , Superfect (QIAGEN #301305) , DOTAP, 
DOPE, DOSPER (Boehringer #1811169), etc. An example of Method 1) is 
a transfection method using calcium phosphate, in which DNA that 
entered cells are incorporated into phagosomes, and a sufficient 
amount is incorporated into the nuclei as well (Graham, F. L. and Van 

15 Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, S., 
1977, Cell 11: 223). Chen and Okayama have investigated the 
optimization of the transfer technique, reporting that optimal DNA 
precipitates can be obtained under the conditions where 1) cells are 
incubated with DNA in an atmosphere of 2 to 4% CO2 at 35 °C for 15 to 

20 24 h, 2) cyclic DNA with a higher precipitate-forming activity than 
linear DNA is used, and 3) DNA concentration in the precipitate mixture 
is 20 to 30 |Lig/ml (Chen, C. and Okayama, H., 1987, Mol. Cell. Biol. 
. 7: 2745). Method 2) is suitable for a transient transfection. An 
old method is known in the art in which a DEAE-dextran (Sigma #D-9885, 

25 M.W. 5 X 10^) mixture is prepared in a desired DNA concentration ratio 
to perform the transfection. Since most of the complexes are 
decomposed inside endosomes, chloroquine may be added to enhance 
transfection effects (Calos, M. P., 1983, Proc. Natl. Acad. Sci. USA 
80: 3015) . Method 3) is referred to as electroporation^ and is more 

30 versatile compared to methods 1) and 2) because it doesn't have cell 
selectivity. Method 3) is said to be efficient under optimal 
conditions for pulse electric current duration, pulse shape, electric 
field potency (gap between electrodes^ voltage) , conductivity of 
buffers, DNA concentration, and cell density. 

35 Among the above-described three categories, transfection 

reagents (method 2) ) are suitable in this invention, because method 
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2) is easily operable, and facilitates the examining of many test 
samples using a large amount of cells. Preferably, Superfect 
Transfection Reagent (QIAGEN, Cat. No. 301305) or DOSPER Liposomal 
Transfection Reagent (Boehringer Mannheim, Cat. No. 1811169) is used. 
5 Specifically, the reconstitution of the viral vector from cDNA 

can be performed as follows. 

Simian kidney-derived LLC-MK2 cells are cultured in 24-well to 
6-well plastic culture plates or 100 mm diameter culture dish using 
a minimum essential medium (MEM) containing 10% fetal calf serum (FCS) 

10 and antibiotics (100 units/ml penicillin G and 100 |ag/ml streptomycin) 
to 70 to 80% confluency, and infected, for example, with recombinant 
vaccinia virus vTF7-3 expressing T7 polymerase at 2 PFU/cell. This 
virus has been inactivated by a UV irradiation treatment for 20 min 
in the presence of 1 jxg/ml psoralen (Fuerst, T. R. et al., Proc. Natl. 

15 Acad. Sci. USA 83: 8122-8126, 1986; Kato, A. et al.. Genes Cells 1: 
569-579, 1996) . Amount of psoralen added and UV irradiation time can 
be appropriately adjusted. One hour after the infection, the cells 
are transfected with 2 to 60 |ig, more preferably 3 to 5 |ig, of the 
above-described recombinant Sendai virus cDNA by the lipofection 

20 method and such using plasmids (24 to 0.5 ^ig of pGEM-N, 12 to 0.25 
^ig of pGEM-P and 24 to 0. 5 jig of pGEM-L, more preferably 1 ^ig of pGEM-N, 
0.5 ^ig of pGEM-P and 1 jxg of pGEM-L) (Kato, A. et al.. Genes Cells 
1: 569-579, 1996) expressing trans-acting viral proteins required 
for the production of full-length Sendai viral genome together with 

25 Superfect (QIAGEN) . The transfected cells are cultured in a 
serum-free MEM containing 100 jig/ml each of rifampicin (Sigma) and 
cytosine arabinoside (AraC) if desired, more preferably only 
containing 40 |ag/ml of cytosine arabinoside (AraC) (Sigma), and 
concentrations of reagents are set at optima so as to minimize 

30 cytotoxicity due to the vaccinia virus and maximize the recovery rate 
of the virus (Kato, A. et al., 1996, Genes Cells 1, 569-579). After 
culturing for about 48 to 72 h following the transfection, the cells 
are recovered, disrupted by repeating three cycles of freezing and 
thawing, transfected to LLC-MK2 cells expressing envelope proteins, 

35 and cultured. After culturing the cells for 3 to 7 days, the culture 
solution is collected. Alternatively, infectious virus vectors can 
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be obtained more efficiently by transfecting LLC-MK2 cells already 
expressing envelope proteins with plasmids expressing NP, L and P 
proteins, or transfecting together with an envelope-expressing 
plasmid. Viral vectors can be amplified by culturing these cells 
5 overlaid on LLC-MK2 cells expressing envelope proteins (cf . examples) . 
Virus titer contained in the culture supernatant can be determined 
by measuring the hemagglutination activity (HA) , which can be assayed 
by "'endo-point dilution method" (Kato, A. et al., 1996, Genes Cells 
1, 569-579) . Virus stock thus obtained can be stored at -80°C. 

10 Recombinant Sendai virus vectors of this invention can be 

appropriately diluted, for example, with physiological saline and 
phosphate-buffered physiological saline (PBS) to prepare a 
composition. When recombinant Sendai virus vectors of this invention 
are proliferated in chicken eggs and such, the composition can include 

15 chorioallantoic fluid. Compositions comprising recombinant Sendai 
virus vectors of this invention may contain physiologically 
acceptable media such as deionized water, 5% dextrose aqueous solution, 
and so on, and, furthermore, other stabilizers and antibiotics may 
also be contained. 

20 The type of host cells used for virus reconstitution is not 

particularly limited, so long as viral vector can be reconstituted 
therein. For example, in the reconstitution of Sendai virus vector 
or RNP complex, culture cells such as simian kidney-derived CV-I cells 
and LLC-MK2 cells, hamster kidney-derived BHK cells, and so on can 

25 be used. Infectious virus particles having the envelope can be also 
obtained by expressing appropriate envelope proteins in these cells. 
To obtain Sendai virus vector in a large quantity, the vector can 
be amplified, for example, by infecting virus vector obtained from 
the above-described host cells into embryonated chicken eggs together 

30 with vectors expressing envelope genes . Alternatively, viral vectors 
can be produced using transgenic chicken eggs incorporated with 
envelope protein genes. Methods for manufacturing viral fluid using 
chicken eggs have been already developed (Nakanishi, et al. (eds.)., 
1993, ^'Shinkei-kagaku Kenkyu-no Sentan-gi j utu Protocol III (High 

35 'Technology Protocol III of Neuroscience Research) , Molecular 
Neurocyte Physiology, Koseisha, Osaka, pp. 153-172). Specifically, 
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for example, fertilized eggs are placed in an incubator and incubated 
for 9 to 12 days at 37 to 38 ®C to grow embryos. Sendai virus vector 
is inoculated together with vectors expressing envelope proteins into 
chorioallantoic cavity of eggs, and cultured for several days to 
5 proliferate the virus. Conditions such as culture duration may be 
varied depending on the type of recombinant Sendai virus used. 
Subsequently, chorioallantoic fluid comprising the virus is recovered. 
Separation and purification of Sendai virus vector can be performed 
according to the standard methods (Tashiro, M., ''Virus Experiment 
10 Protocols", Nagai and Ishihama (eds.), Medicalview, pp. 68-73 
(1995) ) . 

As a vector to express envelope proteins, viral vectors 
themselves of this invention may be used. For example, when two types 
of vectors in which the envelope gene deficient from the viral genome 

15 is different are transferred to the same cell, the envelope protein 
deficient in one RNP complex is supplied by the expression of the 
other complex to complement each other, thereby leading to the 
formation of infectious virus particles and activation of replication 
cycle to amplify the viral vectors. That is, when two or more types 

20 of vectors are inoculated to cells in combinations so as to complement 
each other's envelope proteins, mixtures of virus vectors deficient 
in respective envelope proteins can be produced on a large scale and 
at a low cost. Mixed viruses thus produced are useful for the 
production of vaccines and such. Due to the deficiency of envelope 

25 genes, these viruses have a smaller genome size compared to the 
complete virus, so they can harbor a long foreign gene. Also, since 
these originally non-infectious viruses are extracellularly diluted, 
and its difficult to retain their coinfection, they become sterile, 
which is advantageous in managing their release to the environment. 

30 Gene therapy is enabled by administering viral vectors when the 

viral vectors are prepared by using a therapeutic gene as the foreign 
gene. In the application of viral vectors of this invention to gene 
therapy, it is possible to express a foreign gene with which treatment 
effects are expected or an endogenous gene the supply of which is 

35 insufficient in the patient's body, by either direct or indirect (ex 
vivo) administration of the complex. There is no particular 
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limitation on the type of foreign gene^ and -in addition to nucleic 
acids encoding proteins, they may be nucleic acids encoding no proteins, 
such as an antisense or ribozyme. In addition, when genes encoding 
antigens of bacteria or viruses involved in infectious diseases are 
5 used as foreign genes, immunity can be induced in animals by 
administering these genes to the animals. That is, these genes can 
be used as vaccines. 

When using as vaccines, viral vectors of the present invention 
may be applicable for, for example, cancers, infectious diseases and 

10 other general disorders. For example, as cancer a treatment, it is 
possible to express genes with therapeutic effects on tumor cells 
or antigen presenting cells (APC) such as DC cells by using the vectors 
of the invention. Examples of such genes are those encoding the tumor 
antigen Muc-1 or Muc-1 like mutin tandem repeat peptide (US Patent 

15 No. 5,744,144), melanoma gplOO antigen, etc. Such treatments with 
genes have been widely applied to cancers in the mammary gland, colon, 
pancreas, prostate, lung, etc. Combination with cytokines to enhance 
adjuvant effects is also effective in gene therapy. Examples of such 
genes are i) single-chain IL-12 in combination with IL-2 (Proc. Natl. 

20 Acad. Sci. USA 96 (15) : 8591-8596, ii) interferon-y in combination 
with IL-2 (US Patent No. 5,798,100), iii) granulocyte 
colony-stimulating factor (GM-CSF) used alone, and iv) GM-CSF aiming 
at the treatment of brain tumor in combination with IL-4 (J. 
Neurosurgery, 90 (6), 1115-1124 (1999)), etc. 

25 Examples of genes used for the treatment of infectious diseases 

are those encoding the envelope protein of the virulent strain H5N1 
type of influenza virus, the envelope chimera protein of Japanese 
encephalitis virus (Vaccine, vol. 17, No. 15-16, 1869-1882 (1999)), 
the HIV gag or SIV gag protein of AIDS virus (J. Immunology (2000), 

30 vol. 164, 4968-4978), the HIV envelope protein, which is incorporated 
as a oral vaccine encapsulated in polylactate- glycol copolymer 
microparticles for administration (Kaneko, H. et al.. Virology 267, 
8-16 (2000)), the B subunit (CTB) of cholera toxin (Arakawa, T. et 
al.. Nature Biotechnology (1998) 16 (10): 934-8; Arakawa, T. et al., 

35 Nature Biotechnology (1998) 16 (3): 292-297), the glycoprotein of 
rabies virus (Lodmell, D. L. et al., 1998, Nature Medicine 4 (8): 
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94 9-52) f and the capsid protein LI of human papilloma virus 6 causing 
cervical cancer (J. Med. Virol., 60, 200-204 (2000). 

Gene therapy may also be applied to general disorders. For 
example, in the case of diabetes, the expression of insulin peptide 
5 fragment by inoculation of plasmid DNA encoding the peptide has been 
performed in type I diabetes model animals (Coon, B. et al., J. Clin. 
Invest., 1999, 104 (2): 189-94). 

Brief Description of the Drawings 

10 Figure 1 is a photograph showing an analytical result of the 

expression of F protein via a Cre-loxP-inducible expression system 
by Western blotting. It shows the result of detecting proteins on 
a transfer membrane cross-reacting to the anti-SeV-F antibody by 
chemiluminescence method. 

15 Figure 2 indicates a diagram showing an analytical result of 

cell-surface display of F protein the expression of which was induced 
by the Cre-loxP system. It shows results of flow cytometry analysis 
for LLC-MK2/F7 with the anti-SeV-F antibody. 

Figure 3 indicates a photograph showing the result confirming 

20 cleavage of the expressed F protein by trypsin using Western blotting. 

Figure 4 indicates photographs showing the result confirming 
cell-surface expression of HN in an experiment of cell-surface 
adsorption onto erythrocytes. 

Figure 5 indicates photographs showing the result obtained by 

25 an attempt to harvest the deficient viruses by using cells expressing 
the deficient protein. It was revealed that the expression of F 
protein by the helper cell line was stopped rapidly by the vaccinia 
viruses used in the reconst itution of F-deficient SeV. 

1. LLC-MK2 and CV-1 represent cell lysates from the respective cell 
30 types alone. 

2. LLC-MK2/F+ad and CV-l/F+ad represent cell lysates from the 
respective cells which have been subjected to the induction of 
expression and to which adenovirus AxCANCre has been added. 

3. LLC-MK2/F-ad and CV-l/F-ad represent cell lysates from the 
35 respective cell lines in which the F gene but no adenovirus AxCANCre 

has been introduced. 
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4. LLC-MK2/F+ad 3rd represents a cell lysate from cells in which the 
expression was induced by adenovirus AxCANCre and which were then 
further passaged 3 times. 

5. Id and 3d respectively indicate one day and three days after the 
5 induction of expression. 

6. Vacld and Vac3d respectively indicate cells one day and three days 
after the infection of vaccinia virus. 

7. AraCld and AraC3d respectively indicate cells one day and three 
days after the addition of AraC. 

10 8. CHX Id and CHX 3d respectively indicate cells one day and three 
days after the addition of protein synthesis inhibitor cycloheximide . 

Figure 6 indicates photographs showing the result that was 
obtained by observing GFP expression after GFP-comprising F-def icient 
SeV cDNA {pSeV18''/AF-GFP) was transfected into LLC-MK2 cells in which 

15 F was not expressed (detection of RNP) . In a control group, the F 
gene was shuffled with the NP gene at the 3' end, and then, SeV cDNA 
{ F-shuf f led SeV) , in which GFP had been introduced into the F-def icient 
site, was used. The mark ^^all" indicates cells transfected with 
plasmids directing the expression of the NP gene, P gene, and L gene 

20 (pGEM/NP, pGEM/P, and pGEM/L) together with SeV cDNA at the same time; 
"^cDNA" indicates cells transfected with cDNA (pSeV18''/AF-GFP) alone. 
For RNP transf action, PC cells expressing GFP were collected; the 
cells (lO"^ cells/ml) were suspended in OptiMEM (GIBCO BRL) ; 100 jal 
of lysate prepared after treating three times with f reeze-thaw cycles 

25 was mixed with 25 \xl of cationic liposome DOSPER (Boehringer Mannheim) 
and allowed to stand still at room temperature for 15 minutes; and 
the mixture was added to cells (+ad) in which the expression of F 
had been induced to achieve the RNP transf ection . Cells expressing 
Cre DNA recombinase, in which no recombinant adenovirus had been 

30 introduced, were used as a control group of cells (-ad) . The result 
showed that GFP was expressed depending on the RNP formation of SeV 
in PC in LLC-MK2 cells; and the F-def icient virus was amplified 
depending on the induction of expression of F in PI . 

Figure 7 indicates photographs showing the result that was 

35 obtained by studying whether functional RNP reconstituted with 
F-def icient genomic cDNA could be rescued by F-expressing helper cells 
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and form the infective virions of the deficient virus. RNP/o 
represents cells overlaid with RNP; RNP/t represents cells that was 
transfected with RNP. 

Figure 8 indicates photographs showing the evidence for the 
5 F-expressing cell-specific growth of the F-deficient virus. The. 
lysate comprising functional RNP constructed from the genome lacking 
the gene was lipofected to the F-expressing cells as described in 
Example 2; and the culture supernatant was then recovered. This 
culture supernatant was added to the medium of the F-expressing cells 

10 to achieve the infection; on the third day, the culture supernatant 
was recovered and concurrently added to both F-expressing cells and 
cells that had not expressed F; and then the cells were cultured in 
the presence or absence of trypsin for three days. The result is shown 
here. The viruses were amplified only in the presence of trypsin in 

15 the F-expressing cells. 

Figure 9 indicates photographs showing evidence for specific 
release of the F-deficient viruses to the culture supernatant after 
the introduction into F-expressing cells. The lysate comprising 
functional RNP constructed from the genome lacking the gene was 

20 lipofected to the F-expressing cells as described in Example 2 and 
then the culture supernatant was recovered. This culture supernatant 
was added to the medium of the F-expressing cells to achieve the 
infection; on the third day, the culture supernatant was recovered 
and concurrently added to both F-expressing cells and cells that did 

25 not express F; and then the cells were cultured in the presence or 
absence of trypsin for three days. The bottom panel shows the result 
with supernatant of the cells that did not express F. 

Figure 10 indicates photographs showing the result obtained by 
recovering viruses from the culture supernatant of the F-expressing 

30 cells, extracting the total RNA and performing Northern blot analysis 
using F and HN as probes to verify the genomic structure of virion 
recovered from the F-deficient cDNA. In the viruses recovered from 
the F-expressing cells, the HN gene was detected but the F gene was 
not detectable; and thus it was clarified that the F gene was not 

35 present in the viral genome. 

Figure 11 indicates photographs showing the result of RT-PCR, 
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which demonstrates that the GFP gene is present in the locus where 
F had been deleted, as in the construct of the cDNA. 1: +18-NP, for 
the confirmation of the presence of +18 NotI site. 2: M-GFP, for the 
confirmation of the presence of the GFP gene in the F gene-deficient 
5 region. 3: F gene, for the confirmation of the presence of the F gene. 
The genomic structures of wild type SeV and F-def icient GFP-expressing 
SeV are shown in the top panel. It was verified that the GFP gene 
was present in the F-def icient locus, +18-derived NotI site was present 
at the 3' end of NP and the F gene was absent in any part of the RNA 
10 genome. 

Figure 12 indicates photographs that were obtained by the 
immuno-electron microscopic examination with gold colloid-bound IgG 
(anti-F, anti-HN) specifically reacting to F or HN of the virus. It 
was clarified that the spike-like structure of the virus envelope 
15 comprised F and HN proteins. 

Figure 13 indicates diagrams showing the result of RT-PCR, which 
demonstrates that the structures of genes except the GFP gene were 
the same as those from the wild type. 

Figure 14 indicates photographs showing the result obtained by 
20 examining the F-deficient virus particle morphology by electron 
microscopy. Like the wild-type virus particles, the F-deficient 
virus particles had helical RNP structure and spike-like structure 
inside. 

Figure 15 indicates photographs showing the result of in vitro 
25 gene transfer to a variety of cells using an F-deficient SeV vector 
with a high efficiency. 

Figure 16 indicates diagrams showing the analytical result 
obtained after the introduction of the F-deficient SeV vector into 
primary bone marrow cells from mouse (BM c-kit + /-) . Open bars 
30 represent PE-positive/GFP-negative; closed bars represent 
PE-positive/GFP-positive . 

Figure 17 indicates photographs showing the result of in vivo 
administration of the vector into the rat cerebral ventricle. 

Figure 18 indicates photographs showing the result obtained by 
35 using the culture supernatant comprising F-deficient SeV viruses 
recovered from the F-expressing cells to infect LLC-MK2 cells that 
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do not express culturing the cells in the presence or absence of 
trypsin for three days to confirm the presence of viruses in the 
supernatant by HA assay. 

Figure 19 is a photograph showing the result obtained by 
5 conducting HA assay of chorioallantoic fluids after a 2-day incubation 
of embryonated chicken egg which had been inoculated with 
chorioallantoic fluid (lanes 11 and 12) f rom HA-positive embryonated 
eggs in Figure 18B. 

Figure 20 indicates photographs showing the result obtained by 

10 examining the virus liquid, which is HA-positive and has no inf ectivity, 
by immuno-electron microscopy. The presence of the virus particles 
was verified and it was found that the virion envelope was reactive 
to antibody recognizing HN protein labeled with gold colloid, but 
not reactive to antibody recognizing F protein labeled with gold 

15 colloid. 

Figure 21 indicates photographs showing the result of 
transfection of F-deficient virus particles into cells. 

Figure 22 indicates photographs showing the result of creation 
of cells co-expressing F and HN, which were evaluated by Western 

20 blotting. LLC/VacT7/pGEM/FHN represents cells obtained by 

transfecting vaccinia-infected LLC-MK2 cells with pGEM/FHN plasmid; 
LLC/VacT7 represents vaccinia-infected LLC-MK2 cells. 
LLCMK2/FHNmix represents LLC-MK2 cells in which the F and HN genes 
were introduced but not cloned. LLC/FHN represents LLC-MK2 cells in 

25 which the F and HN genes were introduced and the expression was induced 
by adenovirus (after 3 days); 1-13, 2-6, 2-16, 3-3, 3-18, 3-22, 4-3 
and 5-9 are cell-line numbers (names) in the cloning. 

Figure 23 indicates photographs showing the result for the 
confirmation of virus generation depending on the presence or absence 

30 pGEM/FHN. FHN-def icient GFP-expressing SeV cDNA, pGEM/NP, pGEM/P, 
pGEM/L, and pGEM/FHN were mixed and introduced into LLC-MK2 cells. 
3 'hours after the gene transfer, the medium was changed with MEM 
containing AraC and trypsin and then the cells were further cultured 
for three days. 2 days after the gene transfer, observation was 

35 carried out with a stereoscopic fluorescence microscope to evaluate 
the difference depending on the presence or absence of pGEM/FHN, and 
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the virus generation was verified based on the spread of GFP-expressing 
cells. The result is shown here. When pGEM/FHN was added at the time 
of reconstitution, the spread of GFP-expressing cells was recognized; 
but when no pGEM/FHN was added, the GFP expression was observable 
5 merely in a single cell. 

Figure 24 indicates photographs showing the result of 
reconstitution by RNP transfection and growth of FHN-def icient 
viruses. On the third day after the induction of expression, cells 
co-expressing FHN (12 wells) were lipofected by using PO RNP overlay 

10 or DOSPER, and then GFP was observed after 4 days. When RNP 
transfection was conducted, the harvest of viruses was successful 
for PI FHN-expressing cells as was for the F-def icient ones (top) . 
The growth of the FHN-def icient viruses was verified after inoculating 
a liquid comprising the viruses to cells in which the expression of 

15 FHN protein was induced 6 hours or more after the infection with Ade/Cre 
(bottom panel) . 

Figure 25 indicates photographs showing the result obtained 
after inoculating the liquid comprising viruses reconstituted from 
FHN-def icient GFP-expressing cDNA to LLC-MK2, LLC-MK2/F, LLC-MK2/HN, 
20 and LLC-MK2/FHN and culturing them in the presence or absence of the 
trypsin. The spread of cells expressing GFP protein was verified 3 
days after the culture. The result is shown here. The expansion of 
GFP was observed only with LLC-MK2/FHN, and thus it was verified that 
the virus contained in the liquid was grown in a manner specific to 
25 FHN co-expression and dependent on trypsin. 

Figure 26 is a photograph showing the result where the 
confirmation was carried out for the genomic structure of RNA derived 
from supernatant of the FHN-expressing cells. 

Figure 27 is a photograph showing the result where the 
30 confirmation was carried out for the genomic structure of RNA derived 
from supernatant of the F-expressing cells infected with the FHN 
deficient viruses . 

Figure 28 is a diagram showing inactivation of vaccinia virus 
and T7 activity when psoralen concentration was varied in psoralen/UV 
35 irradiation. 

Figure 29 is a diagram showing inactivation of vaccinia virus 



27 



and T7 RNA polymerase activity when the duration of UV irradiation 
was varied in psoralen/UV irradiation. 

Figure 30 indicates photographs showing a cytotoxicity (CPE) 
of vaccinia virus after psoralen/UV irradiation. 3x 10^ LLC-MK2 cells 
5 were plated on a 6-well plate. After culturing overnight^ the cells 
were infected with vaccinia virus at moi=2 . After 24 hours, CPE was 
determined. The result of CPE with mock-treatment of vaccinia virus 
is shown in A; CPE after the treatment with vaccinia virus for 15, 
20, or 30 minutes are shown in B, C, and D, respectively. 
10 Figure 31 is a diagram indicating the influence of duration of 

UV treatment of vaccinia virus on the reconstitution efficiency of 
Sendai virus. 

Figure 32 is a diagram indicating the titer of vaccinia virus 
capable of replicating that remained in the cells after the 
15 reconstitution experiment of Sendai virus. 

Figure 33 is a photograph showing a result of Western blot 
analysis using anti-VSV-G antibody. 

Figure 34 indicates a diagram showing results of flow cytometry 
analysis using anti-VSV-G antibody. It shows the result of analysis 
20 of LLC-MK2 cell line (LI) for the induction of VSV-G expression on 
the fourth day after AxCANCre infection (moi=0, 2.5, 5). Primary 
antibody used was anti-VSV-G antibody (MoAb I-l) ; secondary antibody 
was FITC-labeled anti-mouse Ig. 

Figure 35 indicates photographs showing a result where 
25 supernatants were recovered after the infection with altered amounts 
of AxCANCre (MOI-0, 1.25, 2.5, 5, 10) and a constant amount of 
pseudo-type Sendai virus having a F gene-deficient genome, and further 
the supernatants were used to infect cells before VSV-G induction 
(-) and after induction (+) , and cells expressing GFP were observed 
30 after 5 days. 

Figure 36 indicates photographs showing the result obtained for 
the time course of virus production amount. 

Figure 37 indicates photographs showing the result obtained by 
examining whether the inf ectivity is influenced by the treatment of 
35 pseudo-type Sendai virus having the F gene-deficient genome, which 
was established with the VSV-G-expressing cell line, and 
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FHN-def icient Sendai virus treated with anti-VSV antibody. 

Figure 38 indicates photographs showing the result where the 
expression of the GFP gene was tested as an index to determine the 
presence of production of the pseudo-type virus having VSV-G in its 
5 capsid after the infection of VSV-G gene-expressing cells LLCG-Ll 
with F and HN-def icient Sendai virus comprising the GFP gene. 

Figure 39 indicates photographs showing the result confirming 
that viruses grown in the VSV-G gene-expressing cells were deficient 
in F and HN genes by Western analysis of protein in the extract of 
10 infected cells. 

Figure 4 0 indicates photographs showing the result for the 
observation of GFP-expressing cells under a fluorescence microscope. 

Figure 41 is a diagram showing the improvement in efficiency 
for the reconstitution of SeV/AF-GFP by the combined used of the 
15 envelope-expressing plasmid and cell overlay. Considerable 
improvement was recognized at d3 to d4 (day 3 to day 4) of PO (prior 
to passaging) . 

Figure 42 is a diagram showing the result where treatment 
conditions were evaluated for the reconstitution of SeV/AF-GFP by 
20 the combined used of the envelope-expressing plasmid and cell overlay. 
GFP-positive cells represent the amount of virus reconstituted. 

Figure 43 is a diagram showing the result where the rescue of 
F-deficient Sendai viruses from cDNA was tested. It shows the 
improvement in efficiency for the reconstitution of SeV/AF-GFP by 
25 the combined used of the envelope-expressing plasmid and cell overlay. 
All the tests were positive on the seventh day. However, the 
efficiency was evaluated on the third day where the probability of 
success was midrange. 

Figure 44 indicates photographs showing the result of lacZ 
30 expression by LacZ-comprising F-deficient Sendai virus vector 
comprising no GFP. 

Figure 45 indicates diagrams showing subcloning of Sendai virus 
genomic cDNA fragment (A) and structures of 5 Sendai virus genomic 
cDNAs constructed with newly introduced NotI site (B) . 
35 Figure 46 is a diagram showing structures of plasmids to be used 

for cloning to add NotI site, transcription initiation signal. 
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intervening sequence^ and transcription termination signal into SEAP- 

Figure 47 indicates photographs showing the result of plaque 
assay of each Sendai virus vector. It shows partial fluorescence image 
in the plaque assay obtained by LASIOOO. 
5 Figure 48 is a diagram showing the result where altered 

expression levels of reporter gene (SEAP) were compared with one 
another among the respective Sendai virus vectors. The data of 
SeV18 + /SEAP was taken as 100 and the respective values were indicated 
relative to it. It was found that the activity, namely the expression 
10 level, was decreased as the SEAP gene was placed more downstream. 

Figure 4 9 indicates microscopic photographs showing the 
expression of GFP in PI cells co-expressing FHN. 

Figure 50 indicates photographs showing the result of Western 
blot analysis of the extracts from cells infected with VSV-G 
15 pseudo-type SeV/AF:GFP using anti-F antibody (anti-F) , anti-HN 
antibody (anti-HN) , and anti-Sendai virus antibody (anti-SeV) . 

Figure 51 indicates photographs showing GFP fluorescence from 
F- and HN-deficient cells infected with VSV-G pseudo-type SeV in the 
presence or absence of a neutralizing antibody (VGV antibody) . 
20 Figure 52 indicates photographs showing results of Western 

analysis for VSV-G pseudo-type Sendai viruses having F gene-deficient 
or F gene- and HN gene-deficient genome, which were fractionated by 
density gradient ultracentrif ugation . 

Figure 53 indicates photographs showing hemagglutination test 
25 mediated with Sendai viruses having F gene-deficient genome, or VSV-G 
pseudo-type Sendai viruses having F gene-deficient or F gene- and 
HN gene-deficient genome. 

Figure 54 indicates diagrams showing the specificity of 
infection to culture cells of Sendai virus having F gene-deficient 
30 genome or VSV-G pseudo-type Sendai virus. 

Figure 55 indicates photographs showing the confirmation of the 
structures of NGF-expressing F-def icient Sendai virus (NGF/SeV/AF) . 

Figure 56 is a diagram showing the activity of NGF expressed 
by the NGF-comprising cells infected with F-deficient SeV. With the 
35 initiation of culture, diluted supernatant of SeV-infected cells or 
NGF protein (control) was added to a dissociated culture of primary 
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chicken dorsal root ganglion (DRG) neurons. After three days, the 
viable cells were counted by using mitochondrial reduction activity 
as an index (n=3) . The quantity of culture supernatant added 
corresponded to 1000-fold dilution. 
5 Figure 57 indicates photographs showing the activity of NGF 

expressed by the NGF-comprising cells infected with F-deficient SeV. 
With the initiation of culture, diluted supernatant of SeV-infected 
cells or NGF protein (control) was added to a dissociated culture 
of primary chicken dorsal root ganglion (DRG) neurons. After three 
10 days, the samples were observed under a microscope, 

A) control (without NGF) ; 

B) addition of NGF protein (10 ng/mL) ; 

C) addition of culture supernatant (100-fold diluted) of NGF/SeV 
infected cells; 

15 D) addition of culture supernatant (100-fold diluted) of NGF/SeV 
infected cells; 

E) addition of culture supernatant (100-fold diluted) of NGF/SeV/AF 
infected cells, and; 

F) addition of culture supernatant (100-fold diluted) of 

20 NGF/SeV/AF-GFP infected cells. 

Figure 58 is a photograph showing moi of Ad-Cre and the 
expression level of F protein. 

Figure 59 indicates photographs showing the expression of 
LLC-MK2/F by Adeno-Cre. 
25 Figure 60 is a photograph showing the durability of expression 

over the passages. 

Figure 61 indicates photographs showing the localization of F 
protein over the passages. 

Figure 62 is a diagram showing the correlation between GFP-CIU 
30 and anti-SeV-CIU. 

Best Mode for Carrying out the Invention 

The present invention is illustrated in detail below with 
reference to Examples, but is not to be construed as being limited 
35 thereto. 

[Example 1] Construction of F-deficient Sendai virus 
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<1> Construction of F-deficient SeV genomic cDNA and F-expressing 
plasmid 

The full-length genomic cDNA of Sendai virus (SeV) , pSeVlS"^ b{ + ) 
(Hasan, M. K. et al. , 1997, J. General Virology 78 : 2813-2820) {^^pSeVlS"" 
5 b( + )" is also referred to as ''pSeV18'^") was digested with Sphl/Kpnl, 
and the resulting fragment (14 673 bp) was recovered and cloned into 
pUC18, which was named plasmid pUC18/KS. The F-disrupted site was 
constructed on this pUC18/KS. The F gene disruption was performed 
by the combined use of PCR-ligation method, and as a result, the ORF 

10 for the F gene (ATG-TGA=1698 bp) was removed; thus atgcatgccggcagatga 
(SEQ ID NO: 1) was ligated to it to construct the F-deficient SeV 
genomic cDNA (pSeV18"'/AF) . In PGR, a PGR product generated by using 
a primer pair (forward: 5 ' -gttgagtactgcaagagc/SEQ ID NO: 2, reverse: 
5 ' -tttgccggcatgcatgtttcccaaggggagagttttgcaacc/SEQ ID NO: 3) was 

15 ligated upstream of F and another PGR product generated by using a 
primer pair (forward: 5 ' -atgcatgccggcagatga/SEQ ID NO: 4, reverse: 
5 ' -tgggtgaatgagagaatcagc/SEQ ID NO: 5) was ligated downstream of the 
F gene at EcoT22l site. The resulting plasmid was digested with Sad 
and Sail, and then the fragment (4 931 bp) spanning the region 

20 comprising the site where F is disrupted was recovered and cloned 
into pUGlB to generate pUG18/dFSS. This pUG18/dFSS was digested with 
Drain. The resulting fragment was recovered and substituted with 
a Drain fragment from the region comprising the F gene of pSeVlS"^; 
and the ligation was carried out to generate plasmid pSeVlB'^/AF. 

25 Further, in order to construct a cDNA (pSeV18''/AF-GFP) in which 

the EGFP gene has been introduced at the site where F was disrupted, 
the EGFP gene was amplified by PGR. To set the EGFP gene with a multiple 
of 6 (Hausmann, S. et al . , RNA 2, 1033-1045 (1996)), PGR was carried 
out with an Nsil-tailed primer ( 5 ' -atgcatatggtgatgcggttttggcagtac. 

30 SEQ ID NO: 6) for the 5' end and an NgoMIV-tailed primer 
(5 ' -Tgccggctattattacttgtacagctcgtc.SEQ ID NO: 7) for the 3' end. The 
PGR products were digested with restriction enzymes Nsil and NgoMIV, 
and then the fragment was recovered from the gel; the fragment was 
ligated at the site of pUG18/dFSS between Nsil and NgoMIV restriction 

35 enzyme sites where the disrupted F is located and the sequence was 
determined. A Dralll fragment comprising the EGFP gene was removed 
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and recovered from the site, and substituted for a Dralll fragment 
in the region comprising the F gene of pSeVlS"^; then ligation was 
carried out to obtain plasmid pSeVl8**"/AF-GFP, 

On the other hand, Cre/loxP-inducible expression plasmid for 
5 F gene expression was constructed by amplifying the SeV F gene by 
PGR, confirming the sequence, and inserting into the unique site Swal 
of plasmid pCALNdlw (Aral et al., J. Virology 72, 1998, plll5-1121) , 
in which the expression of gene products has been designed to be induced 
by Cre DNA recombinase, to obtain plasmid pCALNdLw/F. 
10 <2> Preparation of helper cells inducing the expression of SeV-F 
protein 

To recover infectious virus particles from F-deficient genome, 
a helper cell strain expressing SeV-F protein was established. The 
cell utilized was LLC-MK2 cell that is commonly used for the growth 

15 of SeV and is a cell strain derived from monkey kidney. The LLC-MK2 
cells were cultured in MEM containing 10% heat-treated inactivated 
fetal bovine seriim (FBS) , sodium penicillin G (50 units /ml ) , and 
streptomycin (50 |xg/ml) at 37 °C under 5% CO2 gas. Because SeV-F gene 
product is cytotoxic, the above-mentioned plasmid pCALNdLw/F designed 

20 to induce the expression of F gene product through Cre DNA recombinase 
was introduced into LLC-MK2 cells by calcium phosphate method 
(mammalian transfection kit (Stratagene) ) according to the gene 
transfer protocol. 

10 \xg of plasmid pCALNdLw/F was introduced into LLC-MK2 cells 

25 grown to be 40% confluent in a 10-cm plate, and the cells were cultured 
in 10 ml of MEM containing 10% FBS at 37 ""C under 5% CO2 for 24 hours 
in an incubator. After 24 hours, the cells were scraped off, and 
suspended in 10 ml medium; then the cells were plated on 5 dishes 
with 10-cm diameter (one plate with 5 ml; 2 plates with 2 ml; 2 plates 

30 with 0.2 ml) in MEM containing 10 ml of 10% FBS and 1200 |Lig/ml G418 
(GIBCO~BRL) for the cultivation. The culture was continued for 14 
days while the medium was changed at 2-day intervals, to select cell 
lines in which the gene has been introduced stably. 30 cell strains 
were recovered as G4 18-resistant cells grown in the medium by using 

35 cloning rings. Each clone was cultured to be confluent in 10-cm 
plates. 
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After the infection of each clone with recombinant adenovirus 
AxCANCre expressing Cre DNA recombinase, the cells were tested for 
the expression of SeV-F protein by Western blotting using anti-SeV-F 
protein monoclonal IgG (f236; J. Biochem. 123: 1064-1072) as follows. 
5 After grown to be confluent in a 6-cm dish^ each clone was 

infected with adenovirus AxCANCre at moi==3 according to the method 
of Saito et al. , (Saito et al. , Nucl. Acids Res. 23: 3816-3821 (1995) ; 
Aral, T. et al . , J Virol 72, 1115-1121 (1998)). After the infection, 
the cells were cultured for 3 days. The culture supernatant was 

10 discarded and the cells were washed twice with PBS buffer, scraped 
off with a scraper and were collected by centrif ugation at 1500x g 
for five minutes. 

The cells are kept at -80°C and can be thawed when used. The 
cells collected were suspended in 150 jil PBS buffer, and then equal 

15 amount of 2x Tris-SDS-BME sample loading buffer (0.625 M Tris, pH 
6.8, 5% SDS, 25% 2-ME, 50% glycerol, 0 . 025% BPB; Owl) was added thereto . 
The mixture was heat-treated at 98 °C for 3 minutes and then used as 
a sample for electrophoresis. The sample (Ix 10^ cells/lane) was 
fractionated by electrophoresis in an SDS-polyacrylamide gel (Multi 

20 Gel 10/20, Daiichi Pure Chemicals) . The fractionated proteins were 
transferred onto a PVDF transfer membrane (Immobilon-P transfer 
membranes; Millipore) by semi-dry blotting . The transfer was carried 
out under a constant current of 1 mA/cm^ for 1 hour onto the transfer 
membrane that had been soaked in 100% methanol for 30 seconds and 

25 then in water for 30 minutes. 

The transfer membrane was shaken in a blocking solution 
containing 0.05% Tween20 and 1% BSA (BlockAce; Snow Brand Milk 
Products) for one hour, and then it was incubated at room temperature 
for 2 hours with an anti-SeV-F antibody (f236) which had been diluted 

30 1000-folds with a blocking solution containing 0.05% Tween 20 and 
1% BSA. The transfer membrane was washed 3 times in 20 ml of PBS-0.1% 
Tween20 while being shaken for 5 minutes and then it was washed in 
PBS buffer while being shaken for 5 minutes. The transfer membrane 
was incubated at room temperature for one hour in 10 ml of 

35 peroxidase-con jugated anti-mouse IgG antibody (Goat anti-mouse IgG; 
Zymed) diluted 2000-fold with the blocking solution containing 0.05% 
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Tween 20 and 1% BSA. The transfer membrane was washed 3 times with 
20 ml of PBS-0.1% Tween20 while being shaken for 5 minutes, and then 
it was washed in PBS buffer while being shaken for 5 minutes. 

Detections were carried out for proteins cross-reacting to the 
5 anti-SeV-F antibody on the transfer membrane by chemiluminescence 
method (ECL western blotting detection reagents; Amersham) . The 
result is shown in Figure 1 . The SeV-F expression specific to AxCANCre 
infection was detected to confirm the generation of LLC-MK2 cells 
that induce expression of a SeV-F gene product. 

10 One of the several resulting cell lines, LLC-MK2/F7 cell, was 

analyzed by flow cytometry with an anti-SeV-F antibody (Figure 2) . 
Specifically, Ix 10^ cells were precipitated by centrif ugation at 
15,000 rpm at 4°C for 5 minutes, washed with 200 |j.1 PBS, and allowed 
to react in PBS f or FACS (NIKKEN CHEMICALS) containing 100-fold diluted 

15 anti-F monoclonal antibody (f236), 0.05% sodium azide, 2% FCS at 4°C 
for 1 hour in a dark place. The cells were again precipitated at 15, 000 
rpm at 4'*C for 5 minutes, washed with 200 jLil PBS, and then allowed 
to react to FITC-labeled anti-mouse IgG (CAPPEL) of 1 \ig/ml on ice 
for 30 minutes. Then the cells were again washed with 200 |il PBS, 

20 and then precipitated by centrif ugation at 15, 000 rpm at 4°C for 5 
minutes. The cells were suspended in 1 ml of PBS for FACS and then 
analyzed by using EPICS ELITE (Coulter) argon laser at an excitation 
wavelength of 488 nm and at a fluorescence wavelength of 525 nm. The 
result showed that LLC-MK2/F7 exhibited a high reactivity to the 

25 antibody in a manner specific to the induction of SeV-F gene expression, 
and thus it was verified that SeV-F protein was expressed on the cell 
surface . 

[Example 2] Confirmation of function of SeV-F protein expressed by 
30 helper cells 

It was tested whether or not SeV-F protein, of which expression 
was induced by helper cells, retained the original protein function. 

After plating on a 6-cm dish and grown to be confluent, 
LLC-MK2/F7 cells were infected with adenovirus AxCANCre at moi=3 
35 according to the method of Saito et al. (described above) . Then, the 
cells were cultured in MEM (serum free) containing trypsin (7.5)j.g/ml; 
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GIBCOBRL) at 37**C under 5% CO2 in an incubator for three days. 

The culture supernatant was discarded and the cells were washed 
twice with PBS buffer, scraped off with a scraper and were collected 
by centrif ugation at 1500x g for five minutes. The cleavage of 
5 expressed F protein by trypsin was verified by Western blotting as 
described above (Figure 3) . SeV-F protein is synthesized as FO that 
is a non-active protein precursor, and then the precursor is activated 
after digested into two subunits Fl and F2 by proteolysis with trypsin. 
LLC-MK2/F7 cells after the induction of F protein expression thus, 

10 like ordinary cells, continues to express F protein, even after being 
passaged, and no cytotoxicity mediated by the expressed F protein 
was observed as well as no cell fusion of F protein-expressing cells 
was observed. However, when SeV-HN expression plasmid (pCAG/SeV-HN) 
was transf ected into the F-expressing cells and the cells were cultured 

15 in MEM containing trypsin for 3 days, cell fusion were frequently 
observed. The expression of HN on the cell surface was confirmed in 
an experiment using erythrocyte adsorption onto the cell surface 
(Hematoadsorption assay; Had assay) (Figure 4) . Specifically, 1% 
chicken erythrocytes were added to the culture cells at a concentration 

20 of 1 ml/dish and the mixture was allowed to stand still at 4°C for 
10 minutes. The cells were washed 3 times with PBS buffer, and then 
colonies of erythrocytes on the cell surface were observed. Cell 
fusion was recognized for cells on which erythrocytes aggregated; 
cell fusion was found to be induced through the interaction of F protein 

25 with HN; and thus it was demonstrated that F protein, the expression 
of which was sustained in LLC-MK2/F7, retained the original function 
thereof . 

[Example 3] Functional RNP having F~deficient genome and formation 
30 of virions 

To recover virions from the deficient viruses, it is necessary 
to use cells expressing the deficient protein. Thus, the recovery 
of the deficient viruses was attempted with cells expressing the 
deficient protein, but it was revealed that the expression of F protein 
35 by the helper cell line stopped rapidly due to the vaccinia viruses 
used in the reconst itution of F-deficient SeV (Figure 5) and thus 
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the virus reconstitution based on the direct supply of F protein from 
the helper cell line failed. It has been reported that replication 
capability of vaccinia virus is inactivated, but the activity of T7 
expression is not impaired by the treatment of vaccinia virus with 
5 ultraviolet light of long wavelengths (long-wave UV) in the presence 
of added psoralen (PLWUV treatment ) (Tsungetal., J Virol 70, 165-171, 
1996) . Thus, virus reconstitution was attempted by using 
PLWUV-treated vaccinia virus ( PLWUV-VacT7 ) . UV Stratalinker 24 00 
(Catalog NO. 400676 (lOOV) ; Stratagene, La Jolla, CA, USA) equipped 

10 with five 15-Watt bulbs were used for ultraviolet light irradiation. 
The result showed that the expression of F protein was inhibited from 
the F-expressing cells used in the reconstitution, but vaccinia was 
hardly grown in the presence of araC after lysate from the cells 
reconstituted with this PLWUV-VacT7 was infected to the helper cells, 

15 and it was also found that the expression of F protein by the helper 
cell line was hardly influenced. Further, this reconstitution of wild 
type SeV using this PLWUV-VacT7 enables the recovery of viruses from 
even 10"^ cells, whereas by previous methods, this was not possible 
unless 10^ or more cells were there, and thus the efficiency of virus 

20 reconstitution was greatly improved. Thus, reconstitution of 
F-deficient SeV virus was attempted by using this method. 
<Reconstitution and amplification of F-deficient SeV virus> 

The expression of GFP was observed after transfecting LLC-MK2 
cells with the above-mentioned pSeV18'*'/AF-GFP in which the enhanced 

25 green fluorescent protein (EGFP) gene had been introduced as a reporter 
into the site where F had been disrupted according to the 6n rule 
in the manner as described below. It was also tested for the influence 
of the presence of virus-derived genes NP, P, and L that are three 
components required for the formation of RNP. 

30 LLC-MK2 cells were plated on a 100-mm Petri-dish at a 

concentration of 5x 10^ cells/dish and were cultured for 24 hours. 
After the culture was completed, the cells were treated with psoralen 
and ultraviolet light of long wavelengths (365 nm) for 20 minutes, 
and the cells were infected with recombinant vaccinia virus expressing 

35 T7 RNA polymerase (Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 
83, 8122-8126 (1986)) at room temperature for one hour (moi=2) (moi=2 
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to 3 ; preferably inoi=2 ) . After the cells were washed 3 times , plasmids 
pSeV18"'/AF-GFP, pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al.. Genes 
cells 1, 569-579 (1996)) were respectively suspended in quantities 
of 12 |Lig, 4 ixg, 2 ]xg, and 4 |ag /dish in OptiMEM (GIBCO) ; SuperFect 
5 transfection reagent (1 |ig DNA/5 jil SuperFect; QIAGEN) was added 
thereto; the mixtures were allowed to stand still at room temperature 
for 10 minutes; then they are added to 3 ml of OptiMEM containing 
3% FBS; cells were added thereto and cultured. The same experiment 
was carried out using wild-type SeV genomic cDNA (pSeV(+)) (Kato, 

10 A. et al.. Genes cells 1, 569-579 (1996)) as a control instead of 
pSeV18*^/AF-GFP. After culturing for 3 hours, the cells were washed 
twice with MEM containing no serum, and then cultured in MEM containing 
cytosine p-D-arabinof uranoside (AraC, 40 ^g/ml; Sigma) and trypsin 
(7.5 M-g/ml; GIBCO) for 70 hours. These cells were harvested, and the 

15 pellet was suspended in OptiMEM (10*^ cells/ml) . After f reeze-and-thaw 
treatment was repeated 3 times, the cells were mixed with lipofection 
reagent DOSPER (Boehringer Mannheim) (10^ cells/25 [xl DOSPER) and 
allowed to stand still at room temperature for 15 minutes. Then 
F-expressing LLC-MK2/F7 cell line (10^ cells /well in 12-well plate) 

20 was transfected, and the cells were cultured in MEM containing no 
serum (containing 40 jig/ml AraC and 7.5 p,g/ml trypsin). 

The result showed that the expression of GFP was recognized only 
when all the three components, NP, P, and L derived from the virus 
are present and the deficient virus RNP expressing foreign genes can 

25 be generated (Figure 6) . 

<Conf irmation of F-deficient virions> 

It was tested whether the functional RNP reconstituted by 
F-deficient genomic cDNA by the method as described above could be 
rescued by the F-expressing helper cells and form infective virions 

30 of F-deficient virus . Cell lysates were mixed with cationic liposome; 
the lysates were prepared by freeze/thaw from cells reconstituted 
under conditions in which functional RNP is formed (condition where 
pSeV18''/AF-GFP, pGEM/NP, pGEM/P, and pGEM/L are transfected at the 
same time) or conditions under which functional RNP is not formed 

35 (conditions in which two plasmids, pSeV18''/AF-GFP and pGEM/NP, are 
transfected) as described above; the lysates were lipofected into 
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F-expressing cells and non-expressing cells; the generation of virus 
particles was observed based on the expansion of the distribution 
of GFP-expressing cells. The result showed that the expansion of 
distribution of GFP-expressing cells was recognized only when the 
5 introduction to the F-expressing cells was carried out by using a 
lysate obtained under condition in which functional RNP is 
reconstituted (Figure 7) . Furthermore, even in plaque assay, the 
plaque formation was seen only under the same conditions. From these 
results, it was revealed that functional RNPs generated from 

10 F-def icient virus genome were further converted into infective virus 
particles in the presence of F protein derived from F-expressing cells 
and the particles were released from the cells. 

The demonstration of the presence of infective F-deficient 
virions in the culture supernatant was carried out by the following 

15 experiment. The lysate comprising the functional RNP constructed 
from the F gene deficient genome was lipof ected to F-expressing cells 
as described in Example 2, and the culture supernatant was recovered. 
This culture supernatant was added to the medium of F-expressing cells 
to achieve the infection; on the third day, the culture supernatant 

20 was recovered and concurrently added to both F-expressing cells and 
cells that did not express F; and then the cells were cultured in 
the presence or absence of trypsin for three days. In F-expressing 
cells, viruses were amplified only in the presence of trypsin (Figure 
8). It was also revealed that non-infectious virus particles were 

25 released into the supernatant of cells that do not express F (in the 
bottom panel of Figure 9) or from F-expressing cells cultured in the 
absence of trypsin. A summary of the descriptions above is as follows: 
the growth of F-deficient GFP-expressing viruses is specific to 
F-expressing cells and depends on the proteolysis with trypsin. The 

30 titer of infective F-deficient Sendai virus thus grown ranged from 
0.5x 10"^ to Ix 10"^ ClU/ml. 

[Example 4] Analysis of F-deficient GFP-expressing virus 

In order to confirm the genomic structure of virions recovered 
35 from F-deficient cDNA, viruses were recovered from the culture 
supernatant of the F-expressing cells, the total RNA was extracted 



39 



and then Northern blot analysis was conducted by using F and HN as 
probes. The result showed that the HN gene was detectable, but the 
F gene was not detectable in the viruses harvested from the 
F-expressing cells, and it was clarified that the F gene was not present 
5 in the viral genome (Figure 10) . Further, by RT-PCR GFP, it was 
confirmed that the gene was present in the deleted locus for F as 
shown in the construction of the cDNA (Figure 11) and that the 
structures of other genes were the same as those from the wild type. 
Based on the findings above, it was shown that no rearrangement of 

10 the genome had occurred during the virus reconstitution . In addition, 
the morphology of recovered F-def icient virus particles was examined 
by electron microscopy. Like the wild type virus, F-deficient virus 
particles had the helical RNP structure and spike-like structure 
inside (Figure 14) . Further, the viruses were examined by 

15 immuno-electron microscopy with gold colloid-conjugated IgG (anti-F, 
anti-HN) specifically reacting to F or HN. The result showed that 
the spike-like structure of the envelope of the virus comprised F 
and HN proteins ( Figure 12 ) , which demonstrated that F protein produced 
by the helper cells was efficiently incorporated into the virions. 

20 The result will be described below in detail. 

<Extraction of total RNA, Northern blot analysis, and RT-PCR> 

Total RNA was extracted from culture supernatant obtained 3 days 
after the infection of F-expressing cell LLC-MK2/F7 with the viruses 
by using QIAamp Viral RNA mini kit (QIAGEN) according to the protocol. 

25 The purified total RNA (5 |ag) was separated by electrophoresis in 
a 1% denaturing agarose gel containing formaldehyde, and then 
transferred onto a Hybond-NH- membrane in a vacuum blotting device 
(Amersham-Pharmacia) . The prepared membrane was fixed with 0.05 M 
NaOH, rinsed with 2-fold diluted SSC buffer (Nacalai tesque) , and 

30 then was subjected to pre-hybridization in a hybridization solution 
(Boehringrer Mannheim) for 30 minutes; a probe for the F or HN gene 
prepared by random prime DNA labeling ( DIG DNA Labeling Kit ; Boehringer 
Mannheim) using digoxigenin (DIG)-dUTP (alkaline sensitive) was added 
thereto and then hybridization was performed for 16 hours. Then, the 

35 membrane was washed, and allowed to react to alkaline 
phosphatase-conjugated anti-DIG antibody (anti-digoxigenin-AP) ; the 
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analysis was carried out by using a DIG detection kit. The result 
showed that the HN gene was detectable but the F gene was not detectable 
in the viruses harvested from the F-expressing cells, and it was 
clarified that the F gene was not present in the viral genome (Figure 
5 10) . 

Further, detailed analysis was carried out by RT-PCR. In the 
RT-PCR, first strand cDNA was synthesized from the purified virus 
RNA by using SUPERSCRIPTII Preamplif ication System (Gibco BRL) 
according to the protocol; the following PGR condition was employed 

10 with LA PGR kit (TAKARA ver2.1): 94°G/3 min; 30 cycles for the 
amplification of 94°G/45 sec, 55*'G/45 sec,72*'G/90 sec; incubation 
at 72 ®G for 10 minutes; then the sample was electrophoresed in a 2% 
agarose gel at 100 . for 30 minutes, the gel was stained with ethidium 
bromide for a photographic image. Primers used to confirm the M gene 

15 and EGFP inserted into the F-deficient site were forward 1: 
5 ' -atcagagacctgcgacaatgc (SEQ ID NO: 8) and reverse 1: 
5 ' -aagtcgtgctgcttcatgtgg (SEQ ID NO: 9) ; primers used to confirm EGFP 
inserted into the F-deficient site and the HN gene were forward 2: 
5 ' -acaaccactacctgagcacccagtc (SEQ ID NO: 10) and reverse 2: 

20 5 ' -gcctaacacatccagagatcg (SEQ ID NO: 11); and the junction between 
the M gene .and HN gene was confirmed by using forward 3: 
5 * -acattcatgagtcagctcgc (SEQ ID NO: 12) and reverse 2 primer (SEQ 
ID NO: 11) . The result showed that the GFP gene was present in the 
deficient locus for F as shown in the construction of the cDNA (Figure 

25 11) and that the structures of other genes were the same as those 
from the wild type (Figure 13). From the findings shown above, it 
is clarified that no rearrangement of the genome had resulted during 
the virus reconstitution . 

< Electron microscopic analysis with gold colloid-conjugated IgG > 
30 The morphology of recovered F-deficient virus particles was 

examined by electron microscopy . First, culture supernatant of cells 
infected with the deficient viruses was centrifuged at 28,000 rpm 
for 30 minutes to obtain a virus pellet; then the pellet was 
re- suspended in 10- fold diluted PBS at a concentration of Ix 10^ HAU/ml; 
35 one drop of the suspension was dropped on a microgrid with a supporting 
filter and then the grid was dried at room temperature; the grid was 
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treated with PBS containing 3.7% formalin for 15 minutes for fixation 
and then pre-treated with PBS solution containing 0.1% BSA for 30 
minutes; further, anti-F monoclonal antibody (f236) or anti-HN 
monoclonal antibody (Miura, N. et al., Exp. Cell Res. (1982) 141: 
5 409-420) diluted 200-fold with the same solution was dropped on the 
grid and allowed to react under a moist condition for 60 minutes. 
Subsequently, the grid was washed with PBS, and then gold 
colloid-conjugated anti-mouse IgG antibody diluted 200-fold was 
dropped and allowed to react under a moist condition for 60 minutes. 

10 Subsequently, the grid was washed with PBS and then with distilled 
sterile water, and air-dried at room temperature; 4% uranium acetate 
solution was placed on the grid for the staining for 2 minutes and 
the grid was dried; the sample was observed and photographed in a 
JEM-1200EXII electron microscope ( JEOL. ) . The result showed that the 

15 spike-like structure of the envelope of the virus comprised F and 
HN proteins (Figure 12) , which demonstrated that F protein produced 
by the helper cells was efficiently incorporated into the virions. 
In addition, like the wild type virus, F-deficient virus particles 
had a helical RNP structure and a spike-like structure inside (Figure 

20 14) . 

[Example 5] High-efficiency gene transfer to a variety of cells via 
F-deficient SeV vector in vitro 

<Introduction into primary culture cells of rat cerebral cortex nerve 
25 cells> 

Primary culture cells of rat cerebral cortex neurons were 
prepared and cultured as follows: an SD rat (SPF/VAF Cr j : CD, female, 
332 g, up to 9-week old; Charles River) on the eighteenth day of 
pregnancy was deeply anesthetized by diethyl ether, and then 

30 euthanized by bloodletting from axillary arteries. The fetuses were 
removed from the uterus after abdominal section. The cranial skin 
and bones were cut and the brains were taken out. The cerebral 
hemispheres were transferred under a stereoscopic microscope to a 
working solution DMEM (containing 5% horse serum, 5% calf serum and 

35 10% DMSO) ; they were sliced and an ice-cold papain solution (1.5 U, 
0.2 mg of cysteine, 0.2 mg of bovine serum albumin, 5 mg glucose. 
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DNase of 0.1 mg/ml) was added thereto; the solution containing the 
sliced tissues was incubated for 15 minutes while shaking by inverting 
the vial every 5 minutes at 32 "^C. After it was verified that the 
suspension became turbid enough and the tissue sections became 
5 translucent, the tissue sections were crushed into small pieces by 
pipetting. The suspension was centrifuged at 1200 rpm at 32 °C for 
5 minutes, and then the cells were re-suspended in B27-supplemented 
neural basal medium (GibcoBRL, Burlington, Ontario, Canada) . The 
cells were plated on a plate coated with poly-d-lysine (Becton 

10 Dickinson Labware, Bedford, MA, U.S.A.) at a density of Ix 10^ 
cells/dish and then cultured at 37*'C under 5% CO2. 

After a primary culture of nerve cells from cerebral cortex (5x 
10^/well) was done for 5 days, the cells were infected with F-deficient 
SeV vector (moi=5) and further cultured for three days. The cells 

15 were fixed in a fixing solution containing 1% paraformaldehyde, 5% 
goat serum, and 0.5% Triton-X at room temperature for five minutes. 
Blocking reaction was carried out for the cells by using BlockAce 
(Snow Brand Milk Products) at room temperature for 2 hours, and then 
incubated with 500-fold diluted goat anti-rat microtubule-associated 

20 protein 2 (MAP-2) (Boehringer) IgG at room temperature for one hour. 
Further, the cells were washed three times with PBS (-) every 15 minutes 
and then were incubated with cys3-con jugated anti-mouse IgG diluted 
100-folds with 5% goat serum/PBS at room temperature for one hour. 
Further, after the cells were washed three times with PBS (-) every 

25 15 minutes, Vectashield mounting medium (Vector Laboratories, 
Burlingame, U.S.A.) was added to the cells ; the cells, which had been 
double-stained with MAP-2 immuno staining and GFP fluorescence, were 
f luorescently observed by using a conf ocal microscope (Nippon Bio-Rad 
MRC 1024, Japan) and an inverted microscope Nikon Diaphot 300 equipped 

30 with excitation band-pass filter of 470-500-nm or 510-550-nm. The 
result showed that GFP had been introduced in nearly 100% nerve cells 
that were MAP2-positive (Figure 15) . 
<Introduction into normal human cells> 

Normal human smooth-muscle cells, normal human hepatic cells, 

35 and normal human pulmonary capillary endothelial cells (Cell Systems) 
were purchased from DAINIPPON PHARMACEUTICAL and were cultured with 
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SFM CS-C medium kit (Cell Systems) at 37 °C under 5% CO2 gas. 

Human normal cells, such as normal human smooth-muscle cells 
(Figure 15, Muscle), normal human hepatic cells (Figure 15, Liver), 
and normal human pulmonary capillary endothelial cells (Figure 15, 
5 Lung) , were infected with F-deficient SeV vector (m.o.i=5) , and then 
the expression of GFP was observed. It was verified that the 
introduction efficiency was nearly 100% and the GFP gene was expressed 
at very high levels in all the cells (Figure 15) . 
<Introduction into mouse primary bone marrow cells> 

10 Further, an experiment was conducted, in which mouse primary 

bone marrow cells were separated by utilizing lineage markers and 
were infected with F-deficient SeV vector. First, 5-f luorouracil 
(5-FU, Wako Pure Chemical Industries) was given to C57BL mouse (6-week 
old male) at a dose of 150 mg/kg by intraperitoneal injection (IP 

15 injection); 2 days after the administration, bone marrow cells were 
collected from the thighbone. The mononuclear cells were separated 
by density gradient centrif ugation using Lympholyte-M (Cedarlane) . 
A mixture (3x 10^) of Streptavidin-magnetic beads (Pharmingen; 
Funakoshi), which had been coated with biotin-labeled anti-CD45R 

20 {B220), anti-Ly6G (Gr-1), anti-Ly-76 (TER-119) , anti-1 (Thyl.2), and 
anti-Mac-1, were added to the mononuclear cells (3x 10^ cells), and 
the resulting mixture was allowed to react at 4 °C for 1 hour; a fraction, 
from which Lin"^ cells had been removed by a magnet, was recovered (Lin" 
cells) (Erlich, S. etal.. Blood 1999. 93 (1), 80-86). SeV of 2x lO"^ 

25 HAU/ml was added to 4x 10^ cells of Lin" cell, and further recombinant 
rat SCF (100 ng/ml, BRL) and recombinant human IL-6 (100 U/ml) were 
added thereto. In addition, F-deficient SeV of 4x lO"^ HAU/ml was added 
to 8x 10^ of total bone marrow cells, and GFP-SeV of 5x lO"^ HAU/ml 
was added to Ix 10^ cells. GFP-SeV was prepared by inserting a 

30 PCR-amplif ied NotI fragment, which contains the green fluorescence 
protein (GFP) gene (the length of the structural gene is 717 bp) to 
which a transcription initiation (Rl) , a termination (R2) signal and 
an intervening (IG) sequence are added, at the restriction enzyme 
Notl-cleavage site of SeV transcription unit pUC18 /T7HVJR2 . DNA ( + 18) 

35 (Genes Cells, 1996, 1: 569-579). The reconstitution of viruses 
comprising the GFP gene was performed according to a known method 
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(Genes Cells, 1996, 1: 569-579), using LLC-MK2 cells and embryonated 
egg, and then the viruses comprising the gene of interest were 
recovered. After a 48-hour culture following the infection with 
GFP-SeV, the cells were divided into two groups; one of them was allowed 
5 to react to phycoerythrin (PE) -labeled anti-CD117 (c-kit; Pharmingen) 
for 1 hour; the other was a control group. The cells were washed 3 
times with PBS then were analyzed in a flow cytometer (EPICS Elite 
ESP; Coulter, Miami, FL) . 

The result showed that F-def icient SeV vector was also infected 

10 to bone marrow cells enriched by anti-c-kit antibody that has been 
utilized as a marker for blood primitive stem cells and the expression 
of the GFP gene was observed (Figure 16) . The presence of infective 
particles in the culture supernatant was confirmed by determining 
the presence of GFP-expressing cells three days after the addition 

15 of cell culture supernatant treated with trypsin to LLC-MK2 cells. 
It was clarified that none of these cells released infective virus 
particles • 

[Example 6] Vector administration into rat cerebral ventricle 

20 Rats (F334/DU Cr j , 6 week old, female, Charles River) were 

anesthetized by intraperitoneal injection of Nembutal sodium solution 
(Dainabot) diluted 10 fold (5mg/ml) with physiological saline (Otsuka 
Pharmaceutical Co., Ltd.). Virus was administrated using brain 
stereotaxic apparatus for small animals (DAVID KOPF) . 20 |al (10^ CIU) 

25 were injected at the point 5.2 mm toward bregma from interaural line, 
2 . 0 mm toward right ear from lambda, 2 . 4 mm beneath the brain surface, 
using 30G exchangeable needles (Hamilton) . A high level expression 
of GFP protein was observed in ventricle ependymal cells (Figure 17) . 
Furthermore, in the case of F deficient SeV vector, the expression 

30 of GFP protein was observed only in ependymal cells or nerve cells 
around the injection site, which come into contact with the virus, 
and no lesion was found in this region. Abnormality in behavior or 
changes in body weight were not observed in the rats with 
administration until dissection. After dissection, no lesion was 

35 found in the brain or in any of the tissues and organs analyzed, such 
as liver, lung, kidney, heart, spleen, stomach, intestine, and so 
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forth. ' 

[Example 7] Formation of F-less virus particles from F-deficient SeV 
genome 
5 <1> 

F non-expressing LLC-MK2 cells and F-expressing LLC-MK2 cells 
(LC-MK2/F7) were infected with F-deficient SeV virus and cultured 
with ( + ) and without (-) trypsin. The result of HA assay of cell 
culture supernatant after 3 days is shown in Figure 18A. The culture 

10 supernatant s were inoculated to embryonated chicken eggs, and the 
result of HA assay of chorioallantoic fluids after a 2 day-culture 
is shown in Figure 18B. "C" on top of panel indicates PBS used as 
the control group. The numbers indicated under ''^Dilution" indicates 
the dilution fold of the virus solution. Further, HA-positive 

15 chorioallantoic fluids in embryonated chicken eggs (lanes 11 and 12) 
was reinoculated into embryonated chicken eggs, and after culturing 
for two days, the chorioallantoic fluid was examined with HA assay 
(Figure 19C) . As a result, F non-expressing cells or embryonated 
chicken eggs infected with F-deficient SeV virus were found to be 

20 HA-positive. However, viruses had not propagated after 

re-inoculation to embryonated chicken eggs, proving that the 
HA-positive virus solution does not have secondary infectivity. 
<2> 

The non-infectious virus solution amplified in F non-expressing 
25 cells was examined for the existence of virus particles. Northern 
blot analysis was performed for total RNA prepared from the culture 
supernatant of F-expressing cells^ HA-positive, non-infectious 
chorioallantoic fluid, and wildtype SeV by QIAamp viral RNA mini kit 
(QIAGEN) , using the F gene and HN gene as probes. As a result, bands 
30 were detected for RNA derived from chorioallantoic fluid or virus 
in culture supernatant of F-expressing cells when the HN gene was 
used as the probe, whereas no bands were detected when using the F 
gene probe (Figure 10) . It was proven that the HA-positive, 
non-infectious fluid has non-infectious virus-like particles with 
35 an F-deficient genome. Further, analysis of the HA-positive, 
non-infectious virus solution by an immunoelectron microscopy 
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revealed the existence of virus particles, and the envelope of virion 
reacted to the antibody recognizing gold colloid-labeled HN protein, 
but not to the antibody recognizing gold colloid-labeled F protein 
(Figure 20) . This result showed the existence of F-less virions, 
5 proving that the virus can be formed as a virion with HN protein alone, 
even without the existence of the F protein. It has been shown that 
SeV virion can form with F alone (Leyer, S. et al., J Gen. Virol 79, 
683-687 (1998)), and the present result proved for the first time 
that SeV virion can be formed with HN protein alone. Thus, the fact 
10 that F-less virions can be transiently produced in bulk in embryonated 
chicken eggs shows that virions packaging SeV F-deficient RNP can 
be produced in bulk. 
<3> 

As described above, F-less virus virions transiently amplified 
15 in embryonated chicken eggs are not at all infective towards cells 
infected by the Sendai virus. To confirm that functional RNP 
structures are packaged in envelopes, F-expressing cells and 
non-expressing cells were, mixed with cationic liposome (DOSPER, 
Boehringer mannheim) and transfected by incubation for 15 minutes 
20 at room temperature. As a result, GFP-expressing cells were not 
observed at all when the cells are not mixed with the cationic liposome, 
whereas all cells expressed GFP when mixed with cationic liposome. 
In F non-expressing cells, GFP expression was seen only in individual 
cells and did not extend to adjacent cells, whereas in F-expressing 
25 cells, GFP-expressing cells extended to form colonies (Figure 21) . 
Therefore, it became clear that non-infectious virions transiently 
amplified in embryonated chicken eggs could express a gene when they 
are introduced into cells by methods such as transf ection . 

30 [Example 8] Reconstitution and amplification of the virus from 
FHN-def icient SeV genome 

<Construction of FHN-def icient genomic cDNA> 

To construct FHN-def icient SeV genomic cDNA (pSeVlS'^/AFHN) , 
pUC18/KS was first digested with EcoRI to construct pUC18/Eco, and 
35 then whole sequence from start codon of F gene to stop codon of HN 
gene (4866-8419) was deleted, then it was ligated at BsiwI site 
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(cgtacg) . After the sequence of FHN deleted region was confirmed by 
base sequencing, EcoRI fragment (4 057 bp) was recovered from gels 
to substitute for EcoRI fragment of pUC18/KS to accomplish the 
construction. A KpnI/SphI fragment (14 673 bp) comprising the FHN 
5 deleted region was recovered from gels to substitute for KpnI/SphI 
fragment of pSeVlS"*" to obtain plasmid pSeV18'*'/AFHN . 

On the other hand, the construction of FHN-def icient SeV cDNA 
introduced with GFP was accomplished as follows. Sall/Xhol fragment 
(7842 bp) was recovered from pSeV18"*"/AFHN, and cloned into pGEMllZ 

10 (Promega) . The resultant plasmid was named as pGEMllZ/SXdFHN. To 
the FHN-def icient site of pGEMllZ/SXdFHN, PGR product with Bsixl sites 
at both ends of ATG-TAA (84 6 bp) of d2EGFP (Clontech) was ligated 
by digesting with Bsixl enzyme. The resultant plasmid was named as 
pSeV18''/AFHN-d2GFP. 

15 <Establishment of FHN-def icient , protein co-expressing cell line> 
The plasmid expressing F gene is identical to the one used for 
establishment of F-deficient, protein co-expressing cell line, and 
plasmid expressing HN gene was similarly constructed, and the fragment 
comprising ORF of HN was inserted to unique Swal site of pCALNdlw 

20 (Aral et al., described above) to obtain plasmid named pCALNdLw/HN. 

LLC-MK2 cells were mixed with same amount or different ratio 
of pCALNdLw/F and pCALNdLw/HN, to introduce genes using mammalian 
transfection kit (Stratagene) , according to the manufacture's 
protocol. Cells were cloned after a three week-selection with G418. 

25 Drug resistant clones obtained were infected with a recombinant 
adenovirus (Ade/Cre, Saito et al., described above) (moi=10), which 
expresses Cre DNA recombinase. Then the cells were collected 3 days 
after inducing expression of F and HN protein after washing 3 times 
with PBS(-), and they were probed with monoclonal IgG of anti-SeV 

30 F protein and anti-SeV HN protein by using Western blotting method 
( Figure 22 ) . 

<Construction of pGEM/FHN> 

F and HN fragments used for the construction of pCALNdLw/F and 
pCALNdLw/HN were cloned. into pGEM4Z and pGEM3Z (Promega) to obtain 
35 pGEM4Z/F and pGEM3Z/HN, respectively. A fragment obtained by PvuII 
digestion of the region comprising T7 promoter and HN of pGEM3Z/HN 
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was recovered, and ligated into the blunted site cut at the Sad unique 
site at the downstream of F gene of pGEM4Z/F. F and HN proteins were 
confirmed by Western blotting using anti-F or anti-HN monoclonal 
antibodies to be expressed simultaneously when they were aligned in 
5 the same direction. 

<Reconstitution of FHN-def icient virus> 

The reconstitution of FHN-def icient viruses (PO) was done in 
two ways. One was using the RNP transf action method as used in the 
reconstitution of F-deficient virus, and the other was using T7 to 

10 supply co-expressing plasmids. Namely, under the regulation of T7 
promoter, plasmids expressing F and HN proteins were constructed 
separately, and using those plasmids F and HN proteins were supplied 
for the reconstitution. In both methods, reconstituted viruses were 
amplified by FHN coexpressing cells. FHN-def icient , GFP-expressing 

15 SeV cDNA (pSeV18''/AFHN-d2GFP) , pGEM/NP, pGEM/P, pGEM/L, and pGEM/FHN 
were mixed in the ratio of 12 |ag/10 cm dish, 4 p-g/10 cm dish, 2 \xg/10 
cm dish, 4 |ag/10 cm dish, and 4 |ig/10 cm dish (final total volume, 
3 ml/10 cm dish) for gene introduction into LLC-MK2 cells in the same 
way as F-deficient SeV reconstitution described above. Three hours 

20 after the gene introduction, media was changed to MEM containing AraC 
{4 0 |ag/ml, SIGMA) and trypsin (7.5|ig/ml, GIBCO) , and cultured further 
for 3 days. Observation was carried out by fluorescence stereoscopic 
microscope 2 days after gene introduction. The effect of pGEM/FHN 
addition was analyzed, and the virus formation was confirmed by the 

25 spread of GFP-expressing cells. As a result, a spread of 
GFP-expressing cells was observed when pGEM/FHN was added at 
reconstitution, whereas the spread was not observed when pGEM/FHN 
was not added, and the GFP expression was observed only in a single 
cell (Figure 23) . It is demonstrated that the addition at FHN protein 

30 reconstitution caused virus virion formation. On the other hand, in 
the case of RNP transf ection, virus recovery was successfully 
accomplished in FHN expressing cells of PI, as in the case of F 
deficiency (Figure 24, upper panel) . 

Virus amplification was confirmed after infection of 

35 FHN-def icient virus solution to cells induced to express FHN protein 
6 hours or more after Ade/Cre infection (Figure 24, lower panel) . 
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Solution of viruses reconstituted from FHN-def icient 
GFP-expressing SeV CDNA was infected to LLC-MK2, LLC-MK2/F, 
LLC-MK2/HN and LLC-MK2/FHN cells, and cultured with or without the 
addition of trypsin. After 3 days of culture, spread of GFP protein 
5 expressing cells was analyzed. As a result, spread of GFP was observed 
only in LLC-MK2/FHN, confirming that the virus solution can be 
amplified specifically by FHN co-expression and in a trypsin dependent 
manner (Figure 25) . 

To confirm FHN-def icient viral-genome, culture supernatant 

10 recovered from LLC-MK2/FHN cells was centrifuged, arid RNA was 
extracted using QIAamp Viral RNA mini kit (QIAGEN) , according to 
manufacturer's protocol. The RNA was used for template synthesis of 
RT-PCR using Superscript Preamplif ication System for first Strand 
Synthesis (GIBCO BRL) , and PGR was performed using TAKARA Z-Taq 

15 (Takara) . F-def icient virus was used as a control group. PGR primer 
sets were selected as combination of M gene and GFP gene, or combination 
of M gene and L gene (for combination of M gene and GFP gene (M-GFP) , 
forward: 5 ' -atcagagacctgcgacaatgc / SEQ ID NO: 13, reverse: 
5 • -aagtcgtgctgcttcatgtgg / SEQ ID NO: 14; for combination of M gene 

20 and L gene (M-L) , forward: 5 ' -gaaaaacttagggataaagtccc / SEQ ID NO: 
15, reverse: 5 ' -gttatctccgggatggtgc / SEQ ID NO: 16). As a result, 
specific bands were obtained for both F-def icient and FHN-def icient 
viruses at RT conditions when using M and GFP genes as primers. In 
the case of using M and L genes as primers, the bands with given size 

25 comprising GFP were detected for FHN deficient sample, and lengthened 
bands with the size comprising HN gene were detected for F deficient 
one. Thus, FHN deficiency in genome structure was proven (Figure 26) . 

On the other hand, FHN-def icient virus was infected to 
F-expressing cells similarly as when using the F-deficient virus, 

30 and culture supernatant was recovered after 4 days to perform infection 
experiment toward LLC-MK2, LLC-MK2/F, and LLC-MK2/FHN. As a result, 
GFP expression cell was not observed in any infected cell, showing 
that the virus has no infectiousness to these cells. However, it has 
been already reported that F protein alone is enough to form virus 

35 particles (Kato, A. et al.. Genes cells 1, 569-579 (1996)) and that 
asialoglycoprotein receptor (ASG-R) mediates specific infection to 
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hepatocytes (Spiegel et al . , J. Virol 12, 5296-5302, 1998). Thus, 
virions comprising FHN-def icient RNA genome, with virus envelope 
configured with only F protein may be released to culture supernatant 
of F-expressing cells. Therefore, culture supernatant of 
5 F-expressing cells infected with FHN-def icient virus was recovered, 
and after centrif ugation, RNA was extracted as described above and 
analyzed by RT-PCR by the method described above. As a result, the 
existence of RNA comprising FHN-def icient genome was proved as shown 
in Figure 27 . 

10 Western blotting analysis of virus virion turned into pseudotype 

with VSV-G clearly shows that F and HN proteins are not expressed. 

It could be said that herein, the production system of FHN-def icient 

virus virions was established. 

Moreover, virions released from F protein expressing cells were 
15 overlaid on FHN expressing or non-expressing LLC-MK2 cells with or 

without mixing with a cationic liposome (50 ^il DOSPER/500 jil/well) . 

As a result, spread of GFP-expressing cells was observed when overlaid 

as mixture with DOSPER, while HN-less virion only has no infectiousness 

at all, not showing GFP-expressing cells, as was seen in the case 
20 of F-less particles described above. In FHN non-expressing cells GFP 

expressing cell was observed, but no evidence of virus re-formation 

and spread was found. 

These virus-like particles recovered from F-expressing cells 

can infect cells continuously expressing ASG-R gene, ASG-R 
25 non-expressing cells, or hepatocytes, and whether the infection is 

liver-specific or ASG-R specific can be examined by the the method 

of Spiegel et al. 

[Example 9] Application of deficient genome RNA virus vector 
30 1 . F-def icient RNP amplified in the system described above is enclosed 
by the F-less virus envelope. The envelope can be introduced into 
cells by adding any desired cell-introducing capability to the 
envelope by chemical modification methods and such, or by gene 
introducing reagents or gene guns or the like (RNP transf ection, or 
35 RNP injection), and the recombinant RNA genome can replicate and 
produce proteins autonomously and continuously in the cells. 
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2. A vector capable of specific targeting can be produced, when 
intracellular domain of HN is left as-is, and the extracellular domain 
of HN is fused with ligands capable of targeting other receptors in 
a specific manner, and recombinant gene capable of producing chimeric 

5 protein is incorporated into viral-genome. In addition, the vector 
can be prepared in cells producing the recombinant protein. These 
vectors can be applicable to gene therapy, as vaccines, or such. 

3. Since the reconstitution of SeV virus deficient in both FHN has 
been successfully accomplished, targeting vector can be produced by 

10 introducing targeting-capable envelope chimeric protein gene into 
FHN deletion site instead of the GFP gene, reconstituting it by the 
same method as in the case of FHN-def icient vector, amplifying the 
resultant once in FHN-expressing cells, infecting the resultant to 
non-expressing cells, and recovering virions formed with only the 

15 targeting-capable chimeric envelope protein transcribed from the 
viral-genome . 

4 . A mini-genome of Sendai virus and a virion formed with only F protein 
packaging mini-genome by introducing NP, P, L and F gene to cells 
have been reported (Leyer et al., J Gen. Virol 79,683-687, 1998). 

20 A vector in which murine leukemia virus is turned into pseudo-type 
by Sendai F protein has also been reported (Spiegel et al., J. Virol 
72, 5296-5302, 1998) . Also reported so far is the specific targeting 
of trypsin-cleaved F-protein to hepatocytes mediated by ASG-R (Bitzer 
etal., J.Virol. 71, 5481-5486, 1997). The systems in former reports 

25 are transient particle-forming systems, which make it difficult to 
continuously recover vector particles. Although Spiegel et al. has 
reported retrovirus vector turned into pseudo-type by Sendai F protein, 
this method carries intrinsic problems like the retrovirus being able 
to introduce genes to only mitotic cells. The virus particles 

30 recovered in the present invention with a FHN co-deficient SeV 
viral-genome and only the F protein as the envelope protein are 
efficient RNA vectors capable of autonomous replication in the 
cytoplasm irrespective of cell mitosis. They are novel virus 
particles, and is a practical system facilitating mass production. 

35 

[Example 10] Virus reconstitution and amplification from 
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FHN-def icient SeV genome 

The techniques of reconstitution of infectious virus particles 
from cDNA that cloned the viral genome has been established for many 
single strand minus strand RNA viruses such as the Sendai virus, 
5 measles virus. 

In most of the systems, reconstitution is carried out by 
introducing plasmids introduced with cDNA, NP, P, and L genes at the 
downstream of T7 promoter into cells and expressing cDNA and each 
gene using T7 polymerase. To supply T7 polymerase, recombinant 

10 vaccinia virus expressing T7 polymerase is mainly used. 

T7 expressing vaccinia virus can express T7 polymerase 
efficiently in most cells. Although, because of vaccinia 
virus-induced cytotoxicity, infected cells can live for only 2 or 
3 days . In most cases, rif ampicin is used as an anti-vaccinia reagent . 

15 In the system of Kato et al. (Kato, A. et al.. Genes cells 1, 569-579 
(1996)), AraC was used together with rifampicin for inhibiting 
vaccinia virus growth to a minimum level, and efficient reconstitution 
of Sendai virus. 

However, the reconstitution efficiency of minus strand RNA virus 

20 represented by Sendai virus is several particles or less in Ix 10^ 
cells, far lower than other viruses such as retroviruses. 
Cytotoxicity due to the vaccinia virus and the complex reconstitution 
process (transcribed and translated protein separately attaches to 
bare RNA to form RNP-like structure, and after that, transcription 

25 and translation occurs by a polymerase) can be given as reasons for 
this low reconstitution efficiency. 

In addition to the vaccinia virus, an adeno virus system was 
examined as a means for supplying T7 polymerase, but no good result 
was obtained. Vaccinia virus encodes RNA capping enzyme functioning 

30 in cytoplasm as the enzyme of itself in addition to T7 polymerase 
and it is thought that the enzyme enhances the translational efficiency 
by capping the RNA transcribed by T7 promoter in the cytoplasm. The 
present invention tried to enhance the reconstitution efficiency of 
Sendai virus by treating vaccinia virus with Psoralen-Long-Wave-UV 

35 method to avoid cytotoxicity due to the vaccinia virus. 

By DNA cross-linking with Psoralen and long-wave ultraviolet 
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light, the state in which the replication of virus with DNA genome 
is inhibited, without effecting early gene expression in particular, 
can be obtained. The notable effect seen by inactivation of the virus 
in the system may be attributed to that vaccinia virus having a long 
5 genome (Tsung, K. et al., J Virol 70, 165-171 (1996)). 

In the case of wildtype virus that can propagate autonomously, 
even a single particle of virus formed by reconstitution makes it 
possible for Sendai virus to be propagated by inoculating transf ected 
cells to embryonated chicken eggs. Therefore, one does not have to 

10 consider of the efficiency of reconstitution and the residual vaccinia 
virus seriously. 

However, in the case of reconstitution of various mutant viruses 
for researching viral replication, particle formation mechanism, and 
so on, one may be obligated to use cell lines expressing a protein 

15 derived from virus and such, not embryonated chicken eggs, for 
propagation of the virus. Further, it may greatly possible that the 
mutant virus or deficient virus propagates markedly slower than the 
wild type virus. 

To propagate Sendai virus with such mutations, transf ected cells 

20 should be overlaid onto cells of the next generation and cultured 
for a long period. In such cases, the reconstitution efficiency and 
residual titer of vaccinia virus may be problematic. In the present 
method, titer of surviving vaccinia virus was successfully decreased 
while increasing reconstitution efficiency. 

25 Using the present method, a mutant virus that could have not 

been ever obtained in the former system using a non-treated vaccinia 
virus was successfully obtained by reconstitution (F, FHN-def icient 
virus) . The present system would be a great tool for the 
reconstitution of a mutant virus, which would be done more in the 

30 future. Therefore, the present inventors examined the amount of 
Psoralen and ultraviolet light (UV) , and the conditions of vaccinia 
virus inactivation . 
<Experiment> 

First, Psoralen concentration was tested with, a fixed 
35 irradiation time of 2 min. Inactivation was tested by measuring the 
titer of vaccinia virus by plaque formation, and by measuring T7 
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polymerase activity by pGEM-luci plasmid under the control of T7 
promoter and mini-genome of Sendai virus. The measurement of T7 
polymerase activity of mini-genome of Sendai virus is a system in 
which cells are transf ected concomitantly with plasmid of mini-genome 
5 of Sendai virus and pGEM/NP, pGEM/P, and pGEM/L plasmids , which express 
and L-protein of Sendai virus by T7, to examine transcription 
of luciferase enzyme protein by RNA polymerase of Sendai virus after 
the formation of ribonucleoprotein complex. 

After the 2 min UV irradiation, decrease in titer of vaccinia 

10 virus depending on psoralen concentration was seen. However, T7 
polymerase activity was unchanged for a Psoralen concentration up 
to 0, 0.3, and 1 ^ig/ml, but decreased approximately to one tenth at 
10 |ig/ml (Figure 28) . 

Furthermore, by fixing Psoralen concentration to 0.3 |ag/ml, UV 

15 irradiation time was examined. In accordance with the increase of 
irradiation time, the titer of vaccinia virus was decreased, although 
no effect on T7 polymerase activity was found up to a 30 min irradiation . 
In this case, under the conditions of 0.3 |ig/ml and 30 min irradiation, 
titer could be decreased down to 1/1000 without affecting T7 polymerase 

20 activity (Figure 29) . 

However, in vaccinia virus with a decreased titer of 1/1000, 
CPE 24 hours after infection at moi=2 calibrated to pretreatment titer 
(moi=0.002 as residual titer after treatment) was not different from 
that of non-treated virus infected at moi=2 (Figure 30) . 

25 Using vaccinia virus treated under the conditions described 

above, the efficiency of reconstitution of Sendai virus was examined. 
Reconstitution was carried out by the procedure described below, 
modifying the method of Kato et al. mentioned above. LLC-MK2 cells 
were seeded onto 6-well microplates at 3x 10^ cells/well, and after 

30 an overnight culture, vaccinia virus was diluted to the titer of 6x 
10^ pfu/100 ^il calibrated before PLWUV treatment, and infected to 
PBS-washed cells. One hour after infection, 100 )al of OPTI-MEM added 
with 1, 0.5, 1, and 4 |ag of plasmid pGEM-NP, P, L, and cDNA, respectively, 
was further added with 10 \xl Superfect (QIAGEN) and left standing 

35 for 15 min at room temperature, and after adding 1 ml OPTI-MEM (GIBCO) 
(containing Rif. and AraC) , was overlaid onto the cells. 
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Two, three and four days after transf ection, cells were 
recovered, centrifuged, and suspended in 300 p.l/well of PBS.- 100 ^1 
of cell containing solution made from the suspension itself, or by 
diluting the suspension by 10 or 100 folds, was inoculated to 
5 embryonated chicken eggs at day 10 following fertilization, 4 eggs 
for each dilution (Ix 10^, Ix 10^, and Ix 10^ cells, respectively) . 
After 3 days, allantoic fluid was recovered from the eggs and the 
reconstitution of virus was examined by HA test (Table 1) . Eggs with 
HA activity was scored as 1 point, 10 points and 100 points for eggs 
10 inoculated with Ix 10^, Ix 10^, and Ix 10^ cells, respectively, to 
calculate Reconstitution Score (Figure 31) . The formula is as shown 
in Table 1. 

Table 1. Effect of the duration of UV treatment of vaccinia virus 
15 on reconstitution efficiency of Sendai virus 
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Also, residual titers of vaccinia virus measured at 2, 3, and 
4 days after transfection within cells were smaller in the treated 
5 group in proportion to the titer given before transfection (Figure 
32) . 

By inactivating vaccinia virus by PLWUV, titer could be 
decreased down to 1/1000 without affecting T7 polymerase activity. 
However, CPE derived from vaccinia virus did not differ from that 
10 of non-treated virus with a 1000 fold higher titer as revealed by 
microscopic observations . 

Using vaccinia virus treated with the condition described above 
for reconstitution of Sendai virus, reconstitution efficiency 
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increased from ten to hundred folds (Figure 31) . At the same time, 
residual titer of vaccinia virus after transfection was not 5 pfu/10^ 
cells or more. Thus, the survival of replicable vaccinia virus was 
kept at 0.005% or less. 

5 

[Example 11] Construction of pseudotype Sendai virus 
<1> Preparation of helper cells in which VSV-G gene product is induced 
Because VSV-G gene product has a cytotoxicity, stable 
transf ormant was created in LLC-MK2 cells using plasmid pCALNdLG (Aral 

10 T. etal., J. Virology 72 (1998) plll5-1121) in which VSV-G gene product 
can be induced by Cre recombinase. Introduction of plasmid into 
LLC-MK2 cells was accomplished by calcium phosphate method 
(CalPhosTMMammalian Transfection Kit, Clontech) , according to 
accompanying manual . 

15 Ten micrograms of plasmid pCALNdLG was introduced into LLC-MK2 

cells grown to 60% confluency in a 10 cm culture dish. Cells were 
cultured for 24 hours with 10 ml MEM-FCS 10% medium in a 5% CO2 incubator 
at 37 ®C. After 24 hours, cells were scraped off and suspended in 10 
ml of medium, and then using five 10 cm culture dishes, 1, 2 and 2 

20 dishes were seeded with 5 ml, 2 ml and 0.5 ml, respectively. Then 
they were cultured for 14 days in 10 ml MEM-FCS 10% medium containing 
1200 jig/ml G418 (GIBCO-BRL) with a medium change on every other day 
to select stable transf ormants . Twenty-eight clones resistant to 
G418 grown in the culture were recovered using cloning rings. Each 

25 clone was expanded to confluency in a 10 cm culture dish. 

For each clone, the expression of VSV-G was examined by Western 
blotting described below using anti-VSV-G monoclonal antibody, after 
infection with recombinant adenovirus AxCANCre containing Cre 
recombinase . 

30 Each clone was grown in a 5 cm culture dish to confluency, and 

after that, adenovirus AxCANCre was infected at MOI=10 by the method 
of Saito et al. (see above) , and cultured for 3 days. After removing 
the culture supernatant, the cells were washed with PBS, and detached 
from the culture dish by adding 0 . 5 ml PBS containing 0.05% trypsin 

35 and 0.02% EDTA (ethylenediaminetetraacetic acid) and incubating at 
37 °C, 5 min. After suspending in 3 ml PBS, the cells were collected 
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by centrif ugation at 1500x g, 5 min. The cells obtained were 
resuspended in 2 ml PBS, and then centrifuged again at 1500x g, 5 
min to collect cells. 

The cells can be stored at -20 °C, and can be used by thawing 
5 according to needs. The collected cells were lysed in 100 |li1 cell 
lysis solution (RIPA buffer, Boehringer Mannheim) , and using whole 
protein of the cells (Ix 10^ cells per lane) Western blotting was 
performed. Cell lysates were dissolved in SDS-polyacrylamide gel 
electrophoresis sample buffer (buffer comprising 6 mM Tris-HCl 

10 (pH6.8), 2% SDS, 10% glycerol, 5% 2-mercaptoethanol ) and subjected 
as samples for electrophoresis after heating at 95°C, 5 min. The 
samples were separated by electrophoresis using SDS-polyacrylamide 
gel (Multigel 10/20, Daiichi Pure Chemicals Co., Ltd), and the 
separated protein was then transferred to transfer membrane 

15 (Immobilon-P Transf erMembranes, Millipore) by semi-dry blotting 
method. Transfer was carried out using transfer membrane soaked with 
100% methanol for 20 sec and with water for 1 hour, at a 1 mA/cm^ constant 
current for 1 hour. 

The transfer membrane was shaken in 4 0 ml of blocking solution 

20 (Block-Ace, Snow Brand Milk Products Co . , Ltd.) for 1 hour, and washed 
once in PBS. 

The transfer membrane and 5 ml anti-VSV-G antibody (clone P4D4, 
Sigma) diluted 1/1000 by PBS containing 10% blocking solution were 
sealed in a vinyl-bag and left to stand at 4'^C. 
25 The transfer membrane was soaked twice in 40 ml of PBS-0 . 1% Tween 

20 for 5 min, and after the washing^ soaked in PBS for 5 min for washing. 

The transfer membrane and 5 ml of anti-mouse IgG antibody labeled 
with peroxidase (anti-mouse immunoglobulin, Amersham) diluted to 
1/2500 in PBS containing 10% blocking solution were sealed in vinyl-bag 
30 and were shaken at room temperature for 1 hour. 

After shaking, the transfer membrane was soaked twice in 
PBS-0.1% Tween 20 for 5 min, and after the washing, soaked in PBS 
for 5 min for washing. 

The detection of proteins on the membrane crossreacting with 
35 anti-VSV-G antibody was carried out by the luminescence method (ECL 
Western blotting detection reagents, Amersham) . The result is shown 
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in Figure 33. Three clones showed AxCANCre infection specific VSV-G 
expression, confirming the establishment of LLC-MK2 cells in which 
VSV-G gene product can be induced. 

One clone among the clones obtained, named as LLCG-Ll, was 
5 subjected to flow cytometry analysis using anti-VSV antibody (Figure 
34) . As a result, reactivity with antibody specific to VSV-G gene 
induction was detected in LLCG-Ll, confirming that VSV-G protein is 
expressed on the cell surface. 

10 <2> Preparation of pseudotype Sendai virus comprising a genome 
deficient in the F gene using helper cells 

Sendai virus comprising a genome deficient in F gene was infected 
to VSV-G gene expressing cells, and whether production of pseudotype 
virus with VSV-G as capsid can be seen or not was examined using 

15 F-def icient Sendai virus comprising GFP gene described in the examples 
above, and the expression of GFP gene as an index. As a result, in 
LLCG-Ll without infection of recombinant adenovirus AxCANCre 
comprising Cre recombinase, virus gene was introduced by F-deficient 
Sendai virus infection and GFP-expressing cells were detected, 

20 although the number of expressing cells was not increased. In VSV-G 
induced cells, chronological increase of GFP-expressing cells was 
found. When 1/5 of supernatants were further added to newly VSV-G 
induced cells, no gene introduction was seen in the former supernatant, 
while the increase of GFP-expressing cells as well as gene introduction 

25 were found in the latter supernatant. Also, in the case that 
supernatant from latter is added to LLCG-Ll cells without induction 
of VSV-G, gene was introduced, but increase of GFP-expressing cells 
was not seen. Taken together, virus propagation specific to VSV-G 
expressing cells was found, and pseudotype F-deficient virus 

30 formation with VSV-G was found. 

<3> Evaluation of conditions for producing pseudotype Sendai virus 
with F gene-deficient genome 

A certain amount of pseudotype Sendai viruses with F 
gene-deficient genomes was infected changing the amount of AxCANCre 

35 infection {MOI=0, 1.25, 2.5, 5, and 10) and culture supernatant was 
recovered at day 7 or day 8. Then, the supernatant was infected to. 
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the cells before and after induction of VSV-G, and after 5 days, number 
of cells expressing GFP was compared to see the effect of amount of 
VSV-G gene expression. As a result, no virus production was found 
at MOI=0 and maximum production was found at MOI=10 (Figure 35) . In 
5 addition, when time course of virus production was analyzed, the 
production level started to increase from day 5 or after, persisting 
to day 8 (Figure 36) . The measurement of virus titer was accomplished 
by calculating the number of particles infected to cells in the virus 
solution (CIU) , by counting GFP-expressing cells 5 days after 
10 infection of serially (10 fold each) diluted virus solutions to cells 
not yet induced with VSV-G. As a result, the maximal virus production 
was found to be 5x 10^ ClU/ml. 

<4> Effect of anti-VSV antibody on infectiousness of pseudotype Sendai 
virus with F gene-deficient genome 

15 As to whether pseudotype Sendai virus with F gene-deficient 

genome obtained by using VSV-G expressing cells comprises VSV-G 
protein in the capsid, the neutralizing activity of whether 
infectiousness will be affected was evaluated using anti-VSV antibody. 
Virus solution and antibody were mixed and lest standing at room 

20 temperature for 30 min, and then infected to LLCG-Ll cells without 
VSV-G induction. On day 5, gene-introducing capability was examined 
by the existence of GFP-expressing cells. As a result, perfect 
inhibition of infectiousness was seen by the anti-VSV antibody, 
whereas in Sendai virus with F gene-deficient genome having the 

25 original capsid, the inhibition was not seen (Figure 37) . Therefore, 
it was clearly shown that the present virus obtained is a pseudotype 
Sendai virus comprising VSV-G protein in its capsid, in which 
infectiousness of the virus can be specifically inhibited by an 
antibody. 

30 <5> Confirmation of pseudotype Sendai virus's possession of 

F-def icient genome 

Western blotting analysis of cell extract of infected cells was 

carried out to examine if the present virus propagated in cells 

expressing VSV-G gene is the F-def icient type. Western analysis was 
35 accomplished by the method described above. As the primary antibodies, 

anti-Sendai virus polyclonal antibody prepared from rabbit, anti-F 
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protein monoclonal antibody prepared from mouse, and anti-HN protein 
monoclonal antibody prepared from mouse were used. As the secondary 
antibodies, anti-rabbit IgG antibody labeled with peroxidase in the 
case of anti-Sendai virus polyclonal antibody, and anti-mouse IgG 
5 antibody labeled with peroxidase in the case of anti-F protein 
monoclonal antibody and anti-HN protein monoclonal antibody, were 
used. As a result, F protein was not detected, whereas protein derived 
from Sendai virus and HN protein were detected, confirming it is 
F-deficient type. 

10 <6> Preparation of pseudotype Sendai virus with F and HN gene-deficient 
genome by using helper cells 

Whether the production of pseudotype virus with VSV-G in its 
capsid is observed after the infection of Sendai virus with F and 
HN gene-deficient genome to LLCG-Ll cells expressing VSV-G gene was 

15 analyzed using GFP gene expression as the indicator and F and HN 
gene-deficient Sendai virus comprising GFP gene described in examples 
above, by a similar method as described in examples above . As a result, 
virus propagation specific to VSV-G expressing cells was observed, 
and the production of F and HN deficient Sendai virus that is a 

20 pseudotype with VSV-G was observed (Figure 38) . The measurement of 
virus titer was accomplished by calculating the number of particles 
infected to cells in the virus solution (CIU) , by counting 
GFP-expressing cells 5 days after infection of serially (10 fold each) 
diluted virus solutions to cells not yet induced with VSV-G. As a 

25 result, the maximal virus production was Ix 10^ ClU/ml. 

<7> Confirmation of pseudotype Sendai virus's possession of F and 
HN deficient genome 

Western blotting of proteins in cell extract of infected cells 
was carried out to analyze whether the present virus propagated in 

30 VSV-G expressing cells are the F and HN deficient type. As a result, 
F and HN proteins were not detected, whereas proteins derived from 
Sendai virus were detected, confirming that it is F and HN deficient 
type (Figure 39) . 

35 [Example 12] Analysis of virus reconstitution method 
<Conventional method> 
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LLC-MK2 cells were seeded onto 100 mm culture dishes at 5x 10 
cells/dish. After a 24 hour culture, the cells were washed once with 
MEM medium without serum, and then infected with recombinant vaccinia 
virus expressing T7 RNA polymerase (Fuerst, T.R. et al., Proc. Natl. 
5 Acad. Sci. USA 83, 8122-8126 1986) (vTF7-3) at room temperature for 
1 hour (moi=2) (moi=2 to 3, preferably moi=2 is used) . The virus used 
herein, was pretreated with 3 |ag/ml psoralen and long-wave ultraviolet 
light (365 nm) for 5 min. Plasmids pSeV18"'/AF-GFP, pGEM/NP, pGEM/P, 
and pGEM/L (Kato, A. et al.. Genes cells 1, 569-579(1996)) were 

10 suspended in Opti-MEM medium (GIBCO) at ratio of 12 jxg, 4 |ig, 2 \xg, 
and 4 ^ig/dish, respectively. Then, SuperFect transfection reagent 
(1 |xg DNA/5 |il, QIAGEN) was added and left to stand at room temperature 
for 15 min and 3 ml Opti-MEM medium containing 3% FBS was added. 
Thereafter, the cells were washed twice with MEM medium without serum, 

15 and DNA-SuperFect mixture was added. After a 3 hr culture, cells were 
washed twice with MEM medium without serum, and cultured 70 hours 
in MEM medium containing 40 fxg/ml cytosine p-D-arabinof uranoside (AraC, 
Sigma) . Cells and culture supernatant were collected as P0-d3 samples. 
Pellets of P0-d3 were suspended in Opti-MEM medium (10^ cells/ml). 

20 They were f reeze-thawed three times and then mixed with lipofection 
reagent DOSPER (Boehringer Mannheim) (10^ cells/25 jil DOSPER) and left 
to stand at room temperature for 15 min . Then, F-expressing LLC-MK2/F7 
cells were transfected with the mixture (10^ cells/well in 24-well 
plate) and cultured with MEM medium without serum (containing 40 |xg/ml 

25 AraC and 7.5 )ag/ml trypsin) . Culture supernatants were recovered on 
day 3 and day 7 and were designated as Pl-d3 and Pl-d7 samples. 
<Envelope plasmid + F-expressing cells overlaying method> 

Transfection was carried out similarly as described above, 
except that 4 |Lig/dish envelope plasmid pGEM/FHN was added. After a 

30 3 hr culture, cells were washed twice with MEM medium without serum, 
and cultured 48 hours in MEM medium containing 40 |ag/ml cytosine 
p-D-arabinof uranoside (AraC, Sigma) and 7.5 |ag/ml trypsin. After 
removing the culture supernatant, cells were overlaid with 5 ml cell 
suspension solution of a 100 mm dish of F-expressing LLC-MK2/F7 cells 

35 suspended with MEM medium without serum (containing 40 |ag/ml AraC 
and 7.5 jj.g/ml trypsin) . After a 48 hr culture, cells and supernatants 
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were recovered and designated as P0-d4 samples. Pellets of P0-d4 
samples were suspended in Opti-MEM medium {2x 10^ cells/ml) and 
f reeze-thawed three times. Then F-expressing LLC-MK2/F7 cells were 
overlaid with the suspension (2x 10^ cells/well, 24-well plate) and 
5 cultured in MEM medium without serum (containing 40 ^ig/ml AraC and 
7.5 ^ig/ml trypsin) . Culture supernatants were recovered on day 3 and 
day 7 of the culture^ designated as Pl-d3 and Pl-d7 samples, 
respectively. As a control, experiment was carried out using the same 
method as described above, but without overlaying and adding only 

10 the envelope plasmid. 

<CIU (Cell Infectious Units) measurement by counting GFP-expressing 
cells (GFP-CIU)> 

LLC-MK2 cells were seeded onto a 12-well plate at 2x 10^ 
cells/well, and after 24 hr culture the wells were washed once with 

15 MEM medium without serum. Then, the cells were infected with 100 
Hl/well of appropriately diluted samples described above (P0-d3 or 
P0-d4, Pl-d3, and Pl-d7), in which the samples were diluted as 
containing 10 to 100 positive cells in 10 cm^. After 15 min, 1 ml/well 
of serum-free MEM medium was added, and after a further 24 hr culture, 

20 cells were observed under fluorescence microscopy to count 
GFP-expressing cells . 

<Measurement of CIU (Cell Infectious Units) > 

LLC-MK2 cells were seeded onto a 12-well plate at 2x 10^ 
cells/dish and after a 24 hr culture, cells were washed once with 

25 MEM medium without serum. Then, the cells were infected with 100 
^il/well of samples described above, in which the virus vector contained 
is designated as SeV/AF-GFP. After 15 min, 1 ml/well of MEM medium 
without serum was added and cultured for a further 24 hours. After 
the culture, cells were washed with PBS (-) three times and were dried 

30 up by leaving standing at room temperature for approximately 10 min 
to 15 min. To fix cells, 1 ml/well acetone was added and immediately 
removed, and then the cells were dried up again by leaving to stand 
at room temperature for approximately 10 min to 15 min. 300 |al/well 
of anti-SeV polyclonal antibody (DN-1) prepared from rabbit, 100-fold 

35 diluted with PBS (-) was added to cells were and incubated for 4 5 
min at 37'*C. Then, they were washed three times with PBS (-) and 300 
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^1/well of anti-rabbit IgG (H+L) fluorescence-labeled second antibody 
(Alexa™*568, Molecular Probes) , 200-fold diluted with PBS (-) was added 
and incubated for 4 5 min at 37 °C. After washing with PBS (-) three 
times, the cells were observed under fluorescence microscopy 
5 (Emission: 560 nm. Absorption: 645 nm filters, Leica) to find 
florescent cells (Figure 40) . 

As controls, samples described above (SeV/AF-GFP) were infected 
at 100 |Lil/well, and after 15 min 1 ml/well of MEM without serum was 
added, and after a 24 hr culture, cells were observed under 
10 fluorescence microscopy (Emission: 360 nm. Absorption: 470 nm filters, 
Leica) to find GFP-expressing cells, without the process after the 
culture. 

[Example 13] Evaluation of the most suitable PLWUV (Psoralen and 
15 Long-Wave UV light) treatment conditions for vaccinia virus (vTF7-3) 
for increasing reconstitution efficiency of deficient-type Sendai 
virus vector 

LLC-MK2 cells were seeded onto 100 mm culture dishes at 5x 10^ 
cells/dish, and after a 24 hr culture, the cells were washed once 

20 with MEM medium without serum. Then, the cells were infected with 
recombinant vaccinia virus (vTF7-3) (Fuerst, T.R. et al., Proc. Natl. 
Acad. Sci. USA 83, 8122-8126(1986)) expressing T7 RNA polymerase at 
room temperature for 1 hour (moi=2) (moi=2 to 3, preferably moi=2 is 
used). The virus used herein, was pretreated with 0.3 to 3 )ig/ml 

25 psoralen and long-wave ultraviolet light (365 nm) for 2 to 20 min. 
Plasmids pSeV18"'/AF-GFP, pGEM/NP, pGEM/P, and pGEM/L (Kato, A. etal.. 
Genes cells 1, 569-579 (1996)) were suspended in Opti-MEM medium 
(GIBCO) at ratio of 12 ^ig, 4 |j.g, 2 |j,g, and 4 ^ig/dish, respectively. 
Then, SuperFect transfection reagent (1 |ag DNA/5 |al, QIAGEN) was added 

30 and left to stand at room temperature for 15 min and 3 ml Opti-MEM 
medium containing 3% FBS was added. Thereafter, the cells were washed 
twice with MEM medium without serum, and then DNA-SuperFect mixture 
was added. After a 3 hr culture, cells were washed twice with MEM 
medium without serum,, and cultured 4 8 hours in MEM medium containing 

35 40 fag/ml cytosine p-D-arabinof uranoside (AraC, Sigma) . 
Approximately 1/20 of field of view in 100 mm culture dish was observed 
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by a fluorescence microscope and GFP-expressing cells were counted. 
To test the inactivation of vaccinia virus (vTF7-3) , titer measurement 
by plaque formation (Yoshiyuki Nagai et al., virus experiment 
protocols, p291-296, 1995) was carried out. 
5 Further, fixing the timing of recovery after transfection to 

day 3, psoralen and UV irradiation time were examined. Using vaccinia 
virus (vTF7-3) treated with each PLWUV treatment, reconstitution 
efficiency of Sendai virus was examined. Reconstitution was carried 
out by modifying the method of Kato et al., namely by the procedure 

10 described below. LLC-MK2 cells were seeded onto a 6-well microplate 
at 5x 10^ cells/well, and after an overnight culture (cells were 
considered to grow to Ix 10^ cells/well) , PBS washed cells were infected 
with diluted vaccinia virus (vTF7~3) at 2x 10^ pfu/100 ^il calibrated 
by titer before PLWUV treatment. After a 1 hour infection, 50 p.1 of 

15 Opti-MEM medium (GIBCO) was added with 1, 0.5, 1, and 4 ^g of plasmid 
pGEM/NP, pGEM/P, pGEM/L, and additional type SeV cDNA (pSeV18'*"b 
( + ) ) (Hasan, M. K. et al., J. General Virology 78: 2813-2820, 1997), 
respectively. 10 |il SuperFect (QIAGEN) was further added and left 
to stand at room temperature for 15 min. Then, 1 ml of Opti-MEM 

20 (containing 40 )xg/ml AraC) was added and overlaid onto the cells. 
Cells were recovered 3 days after transfection, then centrifuged and 
suspended in 100 |il/well PBS. The suspension was diluted 10, 100, 
and 1000-fold and 100 |li1 of resultant cell solution was inoculated 
into embryonated chicken eggs 10 days after fertilization, using 3 

25 eggs for each dilution (Ix 10^, Ix 10"^ and Ix 10"^ cells, respectively) . 
After 3 days, allantoic fluid was recovered from the eggs and virus 
reconstitution was examined by HA test. Eggs showing HA activity, 
which were inoculated with Ix 10^ cells, Ix 10^ cells and Ix 10^ cells 
scored 1, 10, and 100 point (s), respectively, to calculate 

30 reconstitution efficiency. 
<Results> 

Results of Examples 12 and 13 are shown in Figures 40 to 43, 
and Table 2. The combination of envelope expressing plasmid and cell 
. overlay increased the reconstitution efficiency of SeV/AF-GFP. 
35 Notable improvement was obtained in d3 to d4 (day 3 to day4 ) of PO 
(before subculture) (Figure 41) . In Table 2, eggs were inoculated with 



cells 3 days after transf ection. The highest reconstitution 
efficiency was obtained in day 3 when treated with 0.3 ng/ml psoralen 
for 20 min. Thus, these conditions were taken as optimal conditions 
(Table 2) . 

Table 2: Effect of PLWUV treatment of vaccinia virus on reconstitution 
of Sendai virus 
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[Example 14] Preparation of LacZ-comprising, F-deficient, 
GFP-non-comprising Sendai virus vector 

<Construction of F-deficient type, LacZ gene-comprising SeV vector 
cDNA> 

To construct cDNA comprising LacZ gene at Not I restriction site 
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existing at the upstream region of NP gene of pSeVlSVAF described 
in Example 1 (pSeV (+18 : LacZ ) /AF) , PGR was performed to amplify the 
LacZ gene. PGR was carried out by adjusting LacZ gene to multiples 
of 6 (Hausmann, S et al., RNA 2, 1033-1045 (1996)) and using primer 
5 (5' -GGGGGGGGGGGGTAGGGTGGGAAGGATGTGGTTTAGTTTGAGGAA-3' /SEQ ID NO: 
17) comprising Not I restriction site for 5' end, and primer 
( 5 ' -GCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCGTACGCTATTACTTC 
TGACACCAGACCAACTGGTA-3 VSEQ ID NO: 18) comprising transcription 
termination signal of SeV (E) , intervening sequence (I), 

10 transcription initiation signal (S), and Not I restriction site for 
3' end, using pCMV-p (Clontech) as template. The reaction conditions 
were as follows. 50 ng pCMV-p, 200 jaM dNTP (Pharmacia Biotech), 100 
pM primers, 4 U Vent polymerase (New England Biolab) were mixed with 
the accompanying buffer, and 25 reaction temperature cycles of 94 "^C 

15 30 sec, 50^*0 1 min, 72^*0 2 min were used. Resultant products were 
electrophoresed with agarose gel electrophoreses. Then, 3.2 kb 
fragment was cut out and digested with Not I after purification. 
pSeV (+18 : LacZ) /AF was obtained by ligating with NotI digested 
fragment of pSeV18+/AF. 

20 <Conventional method> 

LLC-MK2 cells were seeded onto 100 mm culture dish at 5x 10^ 
cells/dish, and after a 24 hour culture, the cells were washed once 
with MEM medium without serum. Then, the cells were infected with 
recombinant vaccinia virus (vTF7-3) (Fuerst, T.R. et al., Proc. Natl. 

25 Acad. Sci. USA 83, 8122-8126 (1986)) expressing T7 RNA polymerase 
at room temperature for 1 hour (moi=2) (moi=2 to 3, preferably moi=2 
is used) . The virus used herein was pretreated with 3 |ag/ml psoralen 
and long-wave ultraviolet light (365 nm) for 5 min. LacZ comprising, 
F-deficient type Sendai virus vector cDNA (pSeV ( + 18 : LacZ ) AF) , 

30 pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al.. Genes Cells 1, 569-579 
(1996)) were suspended in Opti-MEM medium (GIBCO) at a ratio of 12 
)ag, 4 |ag, 2 )ag, and 4 jag/dish, respectively, 4 |ag/dish envelope plasmid 
pGEM/FHN and SuperFect transfection reagent (1 |ig DNA/5 |al, QIAGEN) 
were added and left to stand at room temperature for 15 min. Then, 

35 3 ml Opti-MEM medium containing 3% FBS was added and the cells were 
washed twice with MEM medium without serum, and then the DNA-SuperFect 
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mixture was added. After a 3 hr culture, cells were washed twice with 
MEM medium without serum, and cultured 24 hours in MEM medium 
containing 40|Lig/ml cytosine p-D-arabinof uranoside (AraC, Sigma) and 
7.5 |Lig/ml trypsin. Culture supernatant s were removed and 5 ml of 
5 suspension of a 100 mm culture dish of F-expressing LLC-MK2/F7 cells 
in MEM medium without serum (containing 4 0 |ig/ml AraC and 7.5 |ig/ml 
trypsin) was overlaid onto the cells. After further a 48 hr culture, 
the cells and supernatants were recovered and designated as P0-d3 
samples. The P0-d3 pellets were suspended in Opti-MEM medium (2x 10^ 

10 cells/ml) and after 3 times of f reeze-thawing, were mixed with 
lipofection reagent DOSPER (Boehringer Mannheim) (10^ cells/25 ^il 
DOSPER) and left to stand at room temperature for 15 min. Then, 
F-expressing LLC-MK2/F7 cells were transfected with the mixture (10^ 
cells/well, 24-well plate) and cultured with MEM medium without serum 

15 (containing 40 jig/ml AraC and 7.5 ^ig/ml trypsin). The culture 
supernatants were recovered on day 7, and designated as Pl-d7 samples. 
Further, total volumes of supernatants were infected to F-expressing 
LLC-MK2/F7 cells seeded onto 12-well plates at 37 ""C for 1 hour. Then, 
after washing once with MEM medium, the cells were cultured in MEM 

20 medium without serum (containing 40 |j,g/ml AraC and 7.5 p.g/ml trypsin) . 
The culture supernatants were recovered on day 7, and were designated 
as P2-d7 samples- Further, total volumes of supernatants were 
infected to F-expressing LLC-MK2/F7 cells seeded onto 6-well plates 
at 37 °C for 1 hour. Then, after washing once with MEM medium, the 

25 cells were cultured in MEM medium without serum (containing 7 . 5 fig/ml 
trypsin) . The culture supernatants were recovered on day 7, and were 
designated as P3-d7 samples. Further, total volumes of supernatants 
were infected to F-expressing LLC-MK2/F7 cells seeded onto 10 cm plates 
at 37 °C for 1 hour.. Then, after washing once with MEM medium, the 

30 cells were cultured in MEM medium without serum (containing 40 \ig/ml 
AraC and 7.5 |Ltg/ml trypsin) . The culture supernatants were recovered 
on day 7, and were designated as P4-d7 samples. 

<Measurement of CIU by counting LacZ-expressing cells (LacZ-CIU)> 
LLC-MK2 cells were seeded onto 6-well plate at 2 . 5x 10^ 
35 cells/well, and after a 24 hr culture, the cells were washed once 
with MEM medium without serum and infected with 1/10 fold serial 
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dilution series of P3-d7 made using MEM medium at 37 °C for 1 hour. 
Then, the cells were washed once with MEM medium and 1. 5 ml MEM medium 
containing 10% serum was added. After a three-day culture at 37 
cells were stained with p-Gal staining kit (Invitrogen) . Result of 
5 experiment repeated three times is shown in Figure 44. As the result 
of counting LacZ staining positive cell number, Ix 10^ ClU/ml virus 
was obtained in P3-d7 samples in any case. 

[Example 15] Regulation of gene expression levels using polarity 

10 effect in Sendai virus 

<Construction of SeV genomic cDNA> 

Additional Not I sites were introduced into Sendai virus (SeV) 
full length genomic cDNA, namely pSeV(+) (Kato, A. et al.. Genes to 
Cells 1: 569-579, 1996), in between start signal and ATG translation 

15 initiation signal of respective genes. Specifically, fragments of 
pSeV(+) digested with Sphl/Sall (2645 bp), Clal (3246 bp), and 
Clal/EcoRI (5146 bp) were separated with agarose gel electrophoreses 
and corresponding bands were cut out and then recovered and purified 
with QIAEXII Gel Extraction System,QIAGEN.as shown in Figure 45(A). 

20 The Sphl/Sall digested fragment, Clal digested fragment, and 
Clal/EcoRI digested fragment were ligated to LITMUS38 (NEW ENGLAND 
BIOLABS) , pBluescriptll KS+ (STRATAGENE) , and pBluescriptll KS+ 
(STRATAGENE) , respectively, for subcloning. Quickchange 
Site-Directed Mutagenesis kit (STRATAGENE) was used for successive 

25 introduction of NotI sites. Primers synthesized and used for each 
introduction were, sense strand: 

5' -ccaccgaccacacccagcggccgcgacagccacggcttcgg-3' (SEQ ID NO: 19), 
ant i sense strand: 5' -ccgaagccgtggctgtcgcggccgctgggtgtggtcggtgg-3' 
(SEQ ID NO: 20) for NP-P, sense strand: 

30 5' -gaaatttcacctaagcggccgcaatggcagatatctatag-3' (SEQ ID NO: 21), 
antisense strand: 5' -ctatagatatctgccattgcggccgcttaggtgaaatttc-3 ' 
(SEQ ID NO: 22) for P-M, sense strand: 

5' -gggataaagtcccttgcggccgcttggttgcaaaactctcccc-3' (SEQ ID NO: 23), 
antisense strand: 

35 5 ' -ggggagagttttgcaaccaagcggccgcaagggactttatccc-3' (SEQ ID NO: 24) 
for M-F, sense strand: 
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5' -ggtcgcgcggtactttagcggccgcctcaaacaagcacagatcatgg-3' (SEQ ID NO: 

25) , antisense strand: 
5' -ccatgatctgtgcttgtttgaggcggccgctaaagtaccgcgcgacc-3' (SEQ ID NO: 

26) for F-HN, sense strand: 
5 5' -cctgcccatccatgacctagcggccgcttcccattcaccctggg-3' (SEQ ID NO: 27) , 

antisense strand: 
5' -cccagggtgaatgggaagcggccgctaggtcatggatgggcagg-3' (SEQ ID NO: 28) 
for HN-L. 

As templates, Sall/SphI fragment for NP-P, Clal fragments for 

10 P-M and M-F, and Clal/EcoRI fragments for F-HN and HN-L, which were 
subcloned as described above were used, and introduction was carried 
out according to the protocol accompanying Quickchange Site-Directed 
Mutagenesis kit. Resultants were digested again with the same enzyme 
used for subcloning, recovered, and purified. Then, they were 

15 assembled to Sendai virus genomic cDNA. As a result, 5 kinds of genomic 
cDNA of Sendai virus (pSeV( + )NPP, pSeV( + )PM, pSeV(-i-)MF, pSeV( + )FHN, 
and pSeV( + )HNL) in which NotI sites are introduced between each gene 
were constructed as shown in Figure 45(B). 

As a reporter gene to test gene expression level, human secreted 

20 type alkaline phosphatase (SEAP) was subcloned by PGR. As primers, 
5' primer: 5' -gcggcgcgccatgctgctgctgctgctgctgctgggcctg-3' (SEQ ID 
NO: 29) and 3' primer: 

5' -gcggcgcgcccttatcatgtctgctcgaagcggccggccg-3' (SEQ ID NO: 30) added 
with AscI restriction sites were synthesized and PGR was performed. 

25 pSEAP-Basic (GLONTEGH) was used as template and Pfu turbo DNA 
polymerase (STRATAGENE) was used as enzyme. After PGR, resultant 
products were digested with AscI, then recovered and purified by 
electrophoreses. As plasmid for subcloning, pBluescriptll KS-i- 
incorporated in its NotI site with synthesized double strand DNA [sense 

30 strand: 

5' -gcggccgcgtttaaacggcgcgccatttaaatccgtagtaagaaaaacttagggtgaaagt 
tcatcgcggccgc-3' (SEQ ID NO: 31) , antisense strand: 
5' -gcggccgcgatgaactttcaccctaagtttttcttactacggatttaaatggcgcgccgtt 
taaacgcggccgc-3' (SEQ. ID NO: 32)] comprising multicloning site 
35 (Pmel-Ascl-Swal) and termination signal-intervening 

sequence-initiation signal was constructed (Figure 46) . To AscI site 
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of the plasmid, recovered and purified RCR product was ligated and 
cloned. The resultant was digested with NotI and the SEAP gene 
fragment was recovered and purified by electrophoreses to ligate into 
5 types of Sendai virus genomic cDNA and NotI site of pSeV18 + 
5 respectively. The resultant virus vectors were designated as 
pSeV(+)NPP/SEAP, pSeV (+) PM/SEAP, pSeV (+) MF/SEAP, pSeV (+) FHN/SEAP, 
pSeV(+) HNL/SEAP, and pSeVlS (+) /SEAP, respectively. 
<Virus reconstitution> 

LLC-MK2 cells were seeded onto 100 mm culture dishes at 2x 10^ 

10 cells/dish, and after 24 hour culture the cells were infected with 
recombinant vaccinia virus (PLWUV-VacT7) (Fuerst, T.R. et al., Proc. 
Natl. Acad. Sci. USA 83: 8122-8126, 1986, Kato, A. et al.. Genes Cells 
1: 569-579, 1996) expressing T7 polymerase for 1 hour (moi=2) at room 
temperature for 1 hour, in which the virus was pretreated with psoralen 

15 and UV. Each Sendai virus cDNA incorporated with SEAP, pGEM/NP, pGEM/P, 
and pGEM/L were suspended in Opti-MEM medium (GIBCO) at ratio of 12 
|j,g, 4 p-g, 2 |ag, and 4 jig/dish, respectively, 110 fxl of SuperFect 
transfection reagent (QIAGEN) was added, and left to stand at room 
temperature for 15 min and 3 ml Opti-MEM medium containing 3% FBS 

20 was added. Then, the cells were washed and DNA-Super Feet mixture was 
added. After a 3 to 5 hour culture, cells were washed twice with MEM 
medium without serum, and cultured 72 hours in MEM medium comprising 
cytosine p-D-arabinof uranoside (AraC) . These cells were recovered 
and the pellets were suspended with 1 ml PBS, f reeze-thawed three 

25 times. The ICQ |xl of resultant was inoculated into chicken eggs, which 
was preincubated 10 days, and further incubated 3 days at 35°C, then, 
allantoic fluid was recovered. The recovered allantoic fluids were 
diluted to 10"^ to 10'^ and re-inoculated to chicken eggs to make it 
vaccinia virus-free, then recovered similarly and stocked in aliquots 

30 at -80°C. The virus vectors were designated as SeVNPP/SEAP, 
SeVPM/SEAP, SeVMF/SEAP, SeVFHN/SEAP, SeVHNL/SEAP, and SeV18/SEAP. 
<Titer measurement by plaque assay> 

CV-1 cells were seeded onto 6-well plates at 5x 10^ cells/well 
and cultured for 24 hours. After washing with.. PBS, cells were 

35 incubated 1 hour with recombinant SeV diluted as 10"^, 10'^ 10"^, 10"^ 
and 10""^ by BSA/PBS (1% BSA in PBS) , washed again with PBS, then overlaid 



72 



with 3 ml/well of BSA/MEM/agarose (0.2% BSA + 2x MEM, mixed with 
equivalent volume of 2% agarose) and cultured at 37 °C, 0,5% CO2 for 
6 days. After the culture, 3 ml of ethanol/acetic acid (ethanol : acetic 
acid=l:5) was added and left to stand for 3 hours, then removed with 
5 agarose. After washing three times with PBS, cells were incubated 
with rabbit anti-Sendai virus antibody diluted 100-folds at room 
temperature for 1 hour. Then, after washing three times with PBS, 
cells were incubated with Alexa Flour"*" labeled goat anti rabbit 
Ig(G+H) (Molecular Probe) diluted 200-folds at room temperature for 
10 1 hour. After washing three times with PBS, fluorescence images were 
obtained by lumino-image analyzer LASIOOO (Fuji Film) and plaques 
were measured. Results are shown in Figure 47. In addition, results 
of titers obtained are shown in Table 3. 

15 Table 3: Results of titers of each recombinant Sendai virus measured 
from results of plaque assay 



Recombinant virus Titer (pfu/ml) 



SeV18/SEAP 


3.9X109 


SeVNPP/SEAP 


4.7X108 


SeVPM/SEAP 


3.8X109 


SeVMF/SEAP 


1.5X1010 


SeVFHN/SEAP 


7.0X109 


SeVHNUSEAP 


7.1X109 



20 <Comparison of reporter gene expression> 

LLC-MK2 cells were seeded onto a 6-well plate at 1 to 5x 10^ 
cells/well and after a 24 hour culture, each virus vector was infected 
at moi=2 . After 24 hours, 100 |al of culture supernatants was recovered 
and SEAP assay was carried out. Assay was accomplished with Reporter 

25 Assay Kit -SEAP- (Toyobo) and measured by lumino-image analyzer 
LASIOOO (Fuji Film) . The measured values were indicated as relative 
values by designating value of SeV18+/SEAP as 100. As a result, SEAP 
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activity was detected regardless of the position SEAP gene was inserted^ 
indicated in Figure 48. SEAP activity was found to decrease towards 
the downstream of the genome, namely the expression level decreased. 
In addition, when SEAP gene is inserted in between NP and P genes, 
5 an intermediate expression level was detected, in comparison to when 
SEAP gene is inserted in the upstream of NP gene and when SEAP gene 
is inserted between P and M genes. 

[Example 16] Increase of propagation efficiency of deficient SeV by 

10 double deficient AF-HN overlay method 

Since the SeV virus reconstitution method used now utilizes a 
recombinant vaccinia virus expressing T7 RNA polymerase (vTF7-3) , 
a portion of the infected cells is killed by the cytotoxicity of the 
vaccinia virus. In addition, virus propagation is possible only in 

15 a portion of cells and it is preferable if virus propagation could 
be done efficiently and persistently in a more cells. However, in 
the case of paramyxovirus, cell fusion occurs when F and HN protein 
of the same kind virus exists on the cells surface at the same time, 
causing syncytium formation (Lamb and Kolakofsky, 1996, Fields 

20 virology, pll89) . Therefore, FHN co-expressing cells were difficult 
to subculture. Therefore, the inventors thought that recovery 
efficiency of deficient virus may increase by overlaying helper cells 
expressing deleted protein (F and HN) to the reconstituted cells. 
By examining overlaying cells with different times of FHN expression, 

25 virus recovery efficiency of FHN co-deficient virus was notably 
increased. 

LLC-MK2 cells (Ix lO"^ cells/dish) grown to 100% confluency in 
10 cm culture dishes was infected with PLWUV-treated vaccinia virus 
at moi=2 for 1 hour at room temperature. After that, mixing 12 

30 cm dish, 4 ^ig/lO cm dish, 2 |^g/10 cm dish, 4 cm dish, and 4 |xg/10 

cm dish of FHN-def icient cDNA comprising d2EGFP {pSeV18''/AFHN-d2GFP 
(Example 8)), pGEM/NP, pGEM/P, pGEM/L, and pGEM/FHN, respectively 
(3 ml/lOcm dish as final volume) , and using gene introduction reagent 
SuperFect (QIAGEN) , LLC-MK2 cells were introduced with genes using 

35 a method similar to that as described above for the reconstitution 
of F-deficient virus. After 3 hours, cells were washed three times 
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with medium without serum^ then^ the detached cells were recovered 
by slow-speed centrif ugation (1000 rpm/2 min) and suspended in serum 
free MEM medium containing 4 0 M-g/ml AraC (Sigma) and 7* 5 |ig/ml trypsin 
(GIBCO) and added to cells and cultured overnight. FHN co-expressing 
5 cells separately prepared, which were 100% confluent 10 cm culture 
dishes, were induced with adenovirus AxCANCre at MOI=10, and cells 
at 4 hours, 6 hours, 8 hours, day 2, and day 3 were washed once with 
5mlPBS(-) and detached by cell dissociation solution (Sigma). Cells 
were collected by slow speed centrif ugation (1000 rpm/2 min) and 

10 suspended in serum free MEM medium containing 40 jig/ml AraC (Sigma) 
and 7.5 |Lig/ml trypsin (GIBCO) . This was then added to cells in which 
FHN co-deficient virus was reconstituted (PO) and cultured overnight. 
Two days after overlaying the cells, cells were observed using 
fluorescence microscopy to confirm the spread of virus by GFP 

15 expression within the cells . The results are shown in Figure 4 9 . When 
compared to the conventional case (left panel) without overlaying 
with cells, notably more GFP-expressing cells were observed when cells 
were overlaid with cells (right) . These cells were recovered, 
suspended with lO"^ cells/ml of Opti-MEM medium (GIBCO) and 

20 f reeze-thawed for three times to prepare a cell lysate. Then, FHN 
co-expressing cells 2 days after induction were infected with the 
lysate at 10^ cells/100 ^il/well, and cultured 2 days in serum free 
MEM medium containing 4 0 |Lig/ml AraC (Sigma) and 7.5 |ag/ml trypsin 
(GIBCO) at 37 °C in a 5% CO2 incubator, and the virus titer of culture 

25 supernatant of PI cells were measured by CIU-GFP (Table 4 ) . As a result, 
no virus amplification effect was detected 4 hours after FHN induction, 
and notable amplification effects were detected 6 hours or more after 
induction due to cell overlaying. Especially, viruses released into 
PI cell culture supernatant were 10 times more after 6 hours when 

30 cell overlaying was done compared to when cell overlaying was not 
done . 

Table 4: Amplification of deficient SeV by double deficient AF-HN 
cell overlaying method 

35 
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GFP -CIU 




FHNcell+ad/cre 



FHN cell- 



4h 



6h 



8h 



2d 



3d 



8-10 



6-9 



80-100 



70-100 



60-100 



20-50 



[Example 17] Confirmation of pseudotype Sendai virus's possession 
of F-deficient genome 

Western analysis of proteins of extracts of infected cells was 
5 carried out to confirm that the virus propagated by VSV-G gene 
expression described above is F-deficient type. As a result^ proteins 
derived from Sendai virus were detected, whereas F protein was not 
detected, confirming that the virus is F-deficient type (Figure 50) . 

10 [Example 18] Effect of anti-VSV antibody on infectiousness of 
pseudotype Sendai virus comprising F and HN gene-deficient genome 
To find out whether pseudotype Sendai virus comprising F and 
HN gene-deficient genome, which was obtained by using VSV-G 
expressing line, comprises VSV-G protein in its capsid, neutralizing 

15 activity of whether or not infectiousness is affected was examined 
using anti-VSV antibody. Virus solution and antibody were mixed and 
left to stand for 30 min at room temperature. Then, LLCG-Ll cells 
in which VSV-G expression has not been induced were infected with 
the mixture and gene-introducing capability on day 4 was analyzed 

20 by the existence of GFP-expressing cells. As a result, perfect 
inhibition of infectiousness was seen by anti-VSV antibody in the 
pseudotype Sendai virus comprising F and HN gene-deficient genome 
(VSV-G in the Figure) , whereas no inhibition was detected in Sendai 
virus comprising proper capsid (F, HN in the Figure) (Figure 51) . 

25 Thus, the virus obtained in the present example was proven to be 
pseudotype Sendai virus comprising VSV-G protein as its capsid, and 
that its infectiousness can be specifically inhibited by the antibody. 

[Example 19] Purification of pseudotype Sendai viruses comprising 
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F gene-deficient and F and HN gene-deficient genomes by density 
gradient ultracentrif ugation 

Using culture supernatant of virus infected cells, sucrose 
density gradient centrif ugation was carried out, to fractionate and 
5 purify pseudotype Sendai virus comprising deficient genomes of F gene 
and F and HN genes. Virus solution was added onto a sucrose solution 
with a 20 to 60% gradient, then ultracentrif uged for 15 to 16 hours 
at 29000 rpm using SW41 rotor (Beckman) . After ultracentrif ugation, 
a hole was made at the bottom of the tube, then 300 jil fractions were 

10 collected using a fraction collector. For each fraction. Western 
analysis were carried out to test that the virus is a pseudotype Sendai 
virus comprising a genome deficient in F gene or F and HN genes, and 
VSV-G protein as capsid. Western analysis was accomplished by the 
method as described above. As a result, in F-deficient pseudotype 

15 Sendai virus, proteins derived from the Sendai virus, HN protein, 
and VSV-G protein were detected in the same fraction, whereas F protein 
was not detected, confirming that it is a F-deficient pseudotype Sendai 
virus. On the other hand, in F and HN-deficient pseudotype Sendai 
virus, proteins derived from Sendai virus, and VSV-G protein were 

20 detected in the same fraction, whereas F and HN protein was not detected, 
confirming that it is F and HN deficient pseudotype Sendai virus 
(Figure 52) . 

[Example 20] Overcoming of haemagglut ination by pseudotype Sendai 
25 virus comprising F gene-deficient and F and HN gene-deficient genomes 
LLC~MK2 cells were infected with either pseudotype Sendai virus 
comprising F gene-deficient or F and HN gene-deficient genome, or 
Sendai virus with normal capsid, and on day 3, 1% avian red blood 
cell suspension was added, and left to stand for 30 min at 4°C. 
30 Thereafter, cell surface of infected cells expressing GFP were 
observed. As a result, for virus with F gene-deficient genome and 
F-deficient pseudotype Sendai virus (SeV/AF, and pseudotype 
SeV/AF (VSV-G) by VSV-G) , agglutination reaction was observed on the 
surface of infected cells, as well as for the Sendai virus with the 
35 original capsid. On the other hand, no agglutination reaction was 
observed on the surface of infected cells for pseudotype Sendai virus 
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comprising F and HN gene-deficient genome (SeV/AF-HN (VSV-G) ) (Figure 
53) . 

[Example 21] Infection specificity of VSV-G pseudotype Sendai virus 
5 comprising F gene-deficient genome to cultured cells 

Infection efficiency of VSV-G pseudotype Sendai virus 
comprising F gene-deficient genome to cultured cells was measured 
by the degree of GFP-expressing in surviving cells 3 days after 
infection using flow cytometry. LLC-MK2 cells showing almost the same 

10 infection efficiency in pseudotype Sendai virus comprising F 
gene-deficient genome and Sendai virus with original capsid were used 
as controls for comparison. As a result, no difference in infection 
efficiency was found in human ovary cancer HRA cells, whereas in Jurkat 
cells of T cell lineage about 2-fold increase in infection efficiency 

15 of VSV-G pseudotype Sendai virus comprising F gene-deficient genome 
was observed compared to controls (Figure 54) . 

[Example 22] Construction of F-deficient type Sendai virus vector 
comprising NGF 

20 <Reconstitution of NGF/SeV/AF> 

Reconstitution of NGF/SeV/AF was accomplished according to the 
above described "'Envelope plasmid + F-expressing cells overlaying 
method". Measurement of titer was accomplished by a method using 
anti-SeV polyclonal antibody. 

25 <Conf irmation of virus genome of NGF/SeV/AF (RT-PCR)>. 

To confirm NGF/SeV/AF- virus genome (Figure 55, upper panel), 
culture supernatant recovered from LLC~MK2/F7 cells were centrifuged, 
and RNA was extracted using QIAamp Viral RNA mini kit. QIAGEN. according 
to the manufacturer's protocol. Using the RNA template, synthesis 

30 and PGR of RT-PCR was carried out using SUPERSCRIPT™ ONE-STEP™ RT-PCR 
SYSTEM (GIBCO BRL) . As control groups, additional type SeV cDNA 
(pSeVlS"" b ( + ) ) (Hasan, K. et al. , J. General Virology 78 : 2813-2 820, 
1997) was used. NGF-N and NGF-C were used as PGR primers. For NGF-N, 
forward: ACTTGCGGCCGCCAAAGTTCAGTAATGTCCATGTTGTTCTACACTCTG (SEQ ID 

35 NO: 33), and for NGF-C, reverse: 

ATCCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGTCAGCCTCTTCTTGTAGC 
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CTTCCTGC (SEQ ID NO: 34) were used. As a result, when NGF-N and NGF-C 
were used as primers, an NGF specific band was detected for NGF/SeV/AF 
in the RT conditions. No band was detected for the control group 
(Figure 55, bottom panel) . 

5 

[Example 23] NGF protein quantification and measurement of in vitro 
activity expressed after infection of F-def icient type SeV comprising 
NGF gene 

Infection and NGF protein expression was accomplished using 

10 LLC-MK2/F or LLC-MK2 cells grown until almost confluent on culture 
plates of diameter of 10 cm or 6 cm. NGF/SeV/AF and NGF/SeV/AF-GFP 
were infected to LLC-MK2/F cells, and NGF/SeV and GFP/SeV were infected 
to LLC-MK2 cells at m.o.i 0.01, and cultured 3 days with MEM medium 
without serum, containing 7.5 jxg/ml trypsin (GIBCO) . After the 3 day 

15 culture, in which almost 100% of cells are infected, medium was changed 
to MEM medium without trypsin and serum and further cultured for 3 
days. Then, each culture supernatant were recovered and centrifuged 
at 48, 000x g for 60 min. Then, quantification of NGF protein and 
measurement of in vitro activity for the supernatant were carried 

20 out. Although in the present examples, F-def icient type SeV 
(NGF/SeV/AF, NGF/SeV/AF-GFP) (see Figure 55) are infected to LLC-MK2 /F 
cells, if infected with a high m.o.i. (e.g. 1 or 3) , namely, infected 
to cells that are nearly 100% confluent from the beginning, experiment 
giving similar results can be performed using F non-expressing cells. 

25 For NGF protein quantification, ELISA kit NGF Emax Immuno Assay 

System (Promega) and the accompanying protocol were used. 32.4|ag/ml, 
37 . 4 [ig/ml, and 10 . 5 |ig/ml of NGF protein were detected in NGF/SeV/AF, 
NGF/SeV/AF-GFP, and NGF/SeV infected cell culture supernatant, 
respectively. In the culture supernatant of NGF/SeV/AF and 

30 NGF/SeV/AF-GFP infected cells, high concentration of NGF protein 
exists, similar to culture supernatant of NGF/SeV infected cells, 
confirming that F-deficient type SeV expresses enough NGF. 

The measurement of in vitro activity of NGF protein was 
accomplished by using a dissociated culture of primary chicken dorsal 

35 root ganglion (DRG; a sensory neuron of chicken) , which is sensory 
neuron of a chicken, using survival activity as an index (Nerve Growth 
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Factors (Wiley, New York) , pp. 95-109 (1989)). Dorsal root ganglion 
was removed from day 10 chicken embryo, and dispersed after 0.25% 
trypsin (GIBCO) treatment at 37 °C for 20 min . Using high-glucose D-MEM 
medium containing 100 units/ml penicillin (GIBCO) , 100 units/ml 
5 streptomycin (GIBCO) , 250 ng/ml amphotericin B (GIBCO) 20 iliM 
2-deoxyuridine (Nakarai) , 20 |aM 5-f luorodeoxyuridine (Nakarai) , 2 
mM L-glutamine (Sigma) , and 5% serum, cells were seeded onto 96-well 
plate at about 5000 cells/well. Polylysin precoated 96-well plates 
(Iwaki) were further coated with laminin (Sigma) before use. At the 

10 start point, control NGF protein or previously prepared culture 
supernatant after SeV infection was added. After 3 days, cells were 
observed under a microscope as well as conducting quantification of 
surviving cells by adding Alamer blue (CosmoBio) and using the 
reduction activity by mitochondria as an index (measuring 590 nm 

15 fluorescence, with 530 nm excitation) . Equivalent fluorescence 
signals were obtained in control (without NGF addition) and where 
1/1000 diluted culture supernatant of cells infected with 
SeV/additional-type-GFP (GFP/SeV) was added, whereas the addition 
of 1/1000 diluted culture supernatant of cells infected with 

20 NGF/SeV/AF, NGF/SeV/AF-GFP, and NGF/SeV caused a notable increase 
in fluorescence intensity, and was judged as comprising a high number 
of surviving cells and survival activity (Figure 56) . The value of 
effect was comparable to the addition of amount of NGF protein 
calculated from ELISA. Observation under a microscope proved a 

25 similar effect. Namely, by adding culture supernatant of cells 
infected with NGF/SeV/AF, NGF/SeV/AF-GFP, and NGF/SeV, an increase 
in surviving cells and notable neurite elongation was observed (Figure 
57). Thus, it was confirmed that NGF expressed after infection of 
NGF-comprising F-deficient type SeV is active form. 

30 

[Example 24] Detailed analysis of F-expressing cells 
1. moi and induction time course of Adeno-Cre 

By using different moi of Adeno-Cre, LLC-MK2/F cells were 
infected and after induction of F protein^ the amount of protein 
35 expression and the change in cell shape were analyzed. 

Expression level was slightly higher in moi=10 compared with 
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moi=l (Figure 58) . When expression amounts were analyzed at time 
points of 6 12 h, 24 h, and 48 h after induction, high expression 
level of F protein at 48 h after induction was detected in all cases. 

In addition, changes in cell shape were monitored in a time 
5 course as cells were infected with moi=l, 3, 10, 30, and 100. Although 
a notable difference was found up to moi=10, cytotoxicity was observed 
for moi=30 or over (Figure 59) . 
2. Passage number 

After induction of F protein to LLC-MK2/F cells using Adeno-Cre, 

10 cells were passaged 7 times and expression level of F protein and 
the morphology of the cells were analyzed using microscopic 
observation . On the other hand, laser microscopy was used for analysis 
of intracellular localization of F protein after induction of F protein 
in cells passaged until the 20^^ generation. 

15 For laser microscopic observation, LLC-MK2/F cells induced with 

F protein expression were put into the chamber glass and after 
overnight culture, media were removed and washed once with PBS, then 
fixed with 3.7% Formalin-PBS for 5 min. Then after washing cells once 
with PBS, cells were treated with 0.1% Triton XIOO-PBS for 5 min, 

20 and treated with anti-F protein monoclonal antibody (y-236) (1/100 
dilution) and FITC labeled goat anti-rabbit IgG antibody (1/200 
dilution) in this order, and finally washed with PBS and observed 
with a laser microscope. 

As a result, no difference was found in F protein expression 

25 levels in cells passaged up to 7 times (Figure 60). No notable 
difference was observed in morphological change, infectiousness of 
SeV, and productivity. On the other hand, when cells passaged up to 
20 times were analyzed for intracellular localization of F protein 
using the immuno-ant ibody method, no big difference was found up to 

30 15 passages, but localization tendency of F protein was observed in 
cells passaged more than 15 times (Figure 61) . 

Taken together, cells before 15 passages are considered 
desirable for the production of F-deficient SeV. 

35 [Example 25] Correlation between GFP-CIU and anti-SeV-CIU 

Correlation of the results of measuring Cell- Infected Unit (CIU) 
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by two methods was analyzed. LLC-MK2 cells were seeded onto a 12-well 
plate at 2x 10^ cells/dish, and after a 24 hour culture, cells were 
washed once with MEM medium without serum, and infected with 100 
)Lil/well SeV/AF-GFP. After 15 min, 1 ml/well serum-free MEM medium 
5 was added and further cultured for 24 hours. After the culture, cells 
were washed three times with PBS(-) and dried up (left to stand for 
approximately 10 to 15 min at room temperature) and 1 ml/well acetone 
was added to fix cells and was immediately removed. Cells were dried 
up again (left to stand for approximately 10 to 15 min at room 

10 temperature) . Then, 300 |al/well of anti-SeV polyclonal antibody 
(DN-l) prepared from rabbits and diluted 1/100 with PBS(-) was added 
to cells and incubated at 37 °C for 45 min and washed three times with 
PBS(-). Then, to the cells, 300 ^il/well of anti-rabbit IgG(H+D) 
fluorescence-labeled second antibody (Alex™ 568, Molecular Probes) 

15 diluted 1/200 with PBS(-) was added, and incubated at 37 °C for 45 
min and washed three times with PBS (-) . Then, cells with fluorescence 
were observed under fluorescence microscopy (Emission: 560 nm. 
Absorption: 645 nm. Filters: Leica) . 

As a control, cells were infected with 100 jil/well of SeV/AF-GFP 

20 and after 15 min, 1 ml/well of MEM without serum was added. After 
a further 24 hour culture, GFP-expressing cells were observed under 
fluorescence microscopy (Emission: 360 nm. Absorption: 470 nm. 
Filters: Leica) without further manipulations. 

A Good correlation was obtained by evaluating the fluorescence 

25 intensity by quantification (Figure 62) . 

[Example 26] Construction of multicloning site 

A multicloning site was added to the SeV vector . The two methods 

used are listed below. 
30 1. Several restriction sites in full-length genomic cDNA of Sendai 

virus (SeV) and genomic cDNA of pSeVlS"^ were disrupted, and another 

restriction site comprising the restriction site disrupted was 

introduced in between start signal and ATG translation initiation 

signal of each gene. 
35 2. Into already constructed SeV vector cDNA, multicloning site 

sequence and transcription initiation signal - intervening sequence- 
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termination signal were added and incorporated into NotI site. 

In the case of method 1, as an introducing method, Eagl-digested 
fragment (2644 bp), Clal-digested fragment (3246 bp), 
Clal/EcoRI-digested fragment (514 6 bp) , and EcoRI-digested fragment 
5 (5010 bp) of pSeVlS"*" were separated by agarose electrophoreses and 
the corresponding bands were cut out, then it was recovered and 
purified by QIAEXII Gel Extraction System (QIAGEN) . Eagl-digested 
fragment was ligated and subcloned into LITMUS38 (NEW ENGLAND BIOLABS) 
and Clal-digested fragment, Clal/EcoRI-digested fragment, and 

10 EcoRI-digested fragment were ligated and subcloned into pBluescriptll 
KS+ (STRATAGENE) . Quickchange Site-Directed Mutagenesis kit 
(STRATAGENE) was used for successive disruption and introduction of 
restriction sites . 

For disruption of restriction sites, Sal I: (sense strand) 

15 5' -ggagaagtctcaacaccgtccacccaagataatcgatcag-3' (SEQ ID NO: 35), 
(antisense strand) 5' -ctgatcgattatcttgggtggacggtgttgagacttctcc-3' 
(SEQ ID NO: 36), Nhe I: (sense strand) 

5' -gtatatgtgttcagttgagcttgctgtcggtctaaggc-3' (SEQ ID NO: 37), 
(antisense strand) 5' -gccttagaccgacagcaagctcaactgaacacatatac-3' 

20 (SEQ ID NO: 38), Xho I: (sense strand) 

5' -caatgaactctctagagaggctggagtcactaaagagttacctgg-3' (SEQ ID NO: 39) , 
(antisense strand) 
5' -ccaggtaactctttagtgactccagcctctctagagagttcattg-3' (SEQ ID NO: 40) , 
and for introducing restriction sites, NP-P: (sense strand) 

25 5' -gtgaaagttcatccaccgatcggctcactcgaggccacacccaaccccaccg-3' (SEQ ID 
NO: 41) , (antisense strand) 

5' -cggtggggttgggtgtggcctcgagtgagccgatcggtggatgaactttcac-3' (SEQ ID 
NO: 42), P-M: (sense strand) 

5' -cttagggtgaaagaaatttcagctagcacggcgcaatggcagatatc-3' (SEQ ID NO: 

30 43) , (antisense strand) 

5' -gatatctgccattgcgccgtgctagctgaaatttctttcaccctaag-3' (SEQ ID NO: 
44), M-F: (sense strand) 

. 5' -cttagggataaagtcccttgtgcgcgcttggttgcaaaactctcccc-3' (SEQ ID 
NO: 45), (antisense strand) 

35 5' -ggggagagttttgcaaccaagcgcgcacaagggactttatccctaag-3' (SEQ ID NO: 
46) , F-HN: (sense strand) 



83 



5' -ggtcgcgcggtactttagtcgacacctcaaacaagcacagatcatgg-3' (SEQ ID 
NO:47), (antisense strand) 

5' -ccatgatctgtgcttgtttgaggtgtcgactaaagtaccgcgcgacc-3' (SEQ ID 
NO: 48), HN-L: (sense strand) 

5 5' -cccagggtgaatgggaagggccggccaggtcatggatgggcaggagtcc-3' (SEQ ID 
NO: 49), (antisense strand) 

5' -ggactcctgcccatccatgacctggccggcccttcccattcaccctggg-3' (SEQ ID 
NO: 50) , were synthesized and used for the reaction. After 
introduction, each fragment was recovered and purified similarly as 

10 described above, and cDNA were assembled. 

In the case of method 2, (sense strand) 

5' -ggccgcttaattaacggtttaaacgcgcgccaacagtgttgataagaaaaacttagggtga 
aagttcatcac-3' (SEQ ID NO: 51), (antisense strand) 
5' -ggccgtgatgaactttcaccctaagtttttcttatcaacactgttggcgcgcgtttaaacc 

15 gttaattaagc--3' (SEQ ID NO: 52), were synthesized, and after 
phosphorylation, annealed by 85''C 2 min, 65°C 15 min, 37 °C 15 min, 
and room temperature 15 min to incorporate into SeV cDNA. 
Alternatively, multicloning sites of pUC18 or pBluescriptll, or the 
like, are subcloned by PGR using primers comprising termination signal 

20 - intervening sequence - initiation signal and then incorporate the 
resultant into SeV cDNA. The virus reconstitution by resultant cDNA 
can be performed as described above. 

Industrial Applicability 

25 The present invention provides envelope gene-deficient viral 

vectors of Paramyxoviridae . The present invention establishes a 
practical, novel, envelope gene-deficient vector system based on a 
negative-strand RNA virus for the first time. The achievement in 
recovering infectious deficient virus particles from F gene-deficient, 

30 FHN gene-deficient genomic cDNA using helper cells, paved the way 
for the research and development of novel vectors for gene therapy, 
taking advantage of the excellent characteristics of the Sendai virus. 
The deficient type Sendai virus vector in the present invention is 
capable of introducing a gene into various cell types with an extremely 

35 high efficiency and expressing the exogenous gene at a phenomenally 
high level. Furthermore, the vector is expressed in infected cells 



84 



persistently, and is a highly safe vector that completely lacks the 
capability to cause virus propagation, since it does not release 
secondary infectious virus particles. 
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CIAIMS 

1. A virus vector of Paramyxoviridae comprising a complex comprising 
(a) a paramyxovirus-derived negative-strand single-stranded RNA 

5 modified not to express at least one envelope protein of viruses 
belonging to Paramyxoviridae, and (b) a protein that binds to said 
negative-strand single-stranded RNA. 

2. The vector according to claim 1, wherein the negative-strand 
single-stranded RNA expresses NP protein, P protein, and L protein, 

10 and is modified not to express F protein and/or HN protein. 

3. The vector according to claim 1 or 2, comprising at least one of 
the envelope proteins whose expression was suppressed in the modified 
negative- St rand single- stranded RNA. 

4. A vector according to any one of claims 1 to 3, comprising VSV-G 
15 protein. 

5. A vector according to any one of claims 1 to 4, wherein the 
negative-strand single-stranded RNA is derived from Sendai virus. 

6. A vector according to any one of claims 1 to 5, wherein the 
negative-strand single-stranded RNA further encodes an exogenous 

20 gene . 

7. A DNA encoding negative-strand single-stranded RNA comprised in 
a vector according to any one of claims 1 to 6, or the complementary 
strand thereof. 

8. A method for producing a vector according to any one of claims 
25 1 to 6, comprising the following steps of: 

(a) expressing vector DNA encoding a paramyxovirus-derived 
negative-strand single-stranded RNA modified not to express at least 
one envelope protein of Paramyxoviridae viruses, or the complementary 
strand, by introducing into cells expressing the envelope protein, 
30 (b) culturing said cells, and, 

(c) recovering the virus particles from the culture supernatant. 

9. A method for producing a vector according to any one of claims 
1 to .6, comprising the steps of, 

(a) introducing, a complex comprising a paramyxovirus-derived 
35 negative-strand single-stranded RNA modified not to express at least 
one envelope protein of Paramyxoviridae viruses, and a protein binding 
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to said negative-strand single-stranded RNA, into cells expressing 
said envelope protein, 

(b) culturing said cells, and, 

(c) recovering virus particles from the culture supernatant. 

5 10. The method according to claim 8 or 9, wherein the cell culture 
in (b) is a co-culture with cells expressing envelope proteins. 

11. The method according to claim 8 or 9, wherein cells expressing 
envelope proteins are overlaid to said cells in cell culture in (b) . 

12. A method according to any one of claims 8 to 11, wherein at least 
10 one envelope protein expressed by cells is identical to at least one 

envelope protein whose .expression is suppressed in the 
negative-strand single-stranded RNA described above. 

13. A method according to any one of claims 8. to 12, wherein at least 
one envelope protein expressed by the cells is VSV-G protein. 
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ABSTRACT 

F gene-deficient virus virions are successfully recovered by 
using an F gene-deficient Sendai virus genomic cDNA. Further, F 
5 gene-deficient infectious viral particles are successfully 
constructed by using F-expressing cells as helper cells . Also, F gene 
and HN gene-deficient virus virions are successfully recovered by 
using a virus genomic cDNA deficient in both F gene and HN gene. 
Further, F gene and HN gene-deficient infectious viral particles are 

10 successfully produced by using F- and HN-expressing cells as helper 
cells. A virus deficient in F gene and HN gene and having F protein 
is constructed by using F-expressing cells as helper cells. Further, 
a VSV-G pseudo type virus is successfully constructed by using 
VSV-G-expressing cells. Techniques for constructing these deficient 

15 viruses contribute to the development of vectors of Paramyxoviridae 
usable in gene therapy. 
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